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PREFACE 

The  present  work  owes  its  existence  to  the  ifavorable  reception 
accorded  to  Bergen's  Foundations  of  Botany,  Whatever  better- 
ments have  been  suggested  by  five  years*  use  of  the  earlier  book 
in  the  hands  of  expert  teachers  will  be  found  here  incorporated. 
The  Principles  of  Botany  also  attempts  to  supply  what  many 
feel  to  be  one  of  the  most  valuable  portions  of  botany  for  edu- 
cational purposes,  namely,  a  consecutive  series  of  studies  of 
representative  spore  plants,  so  treated  as  to  outline  the  evolu- 
tionary history  of  the  plant  world.  Botanical  technology  cannot 
figure  laigely  in  any  brief  general  botany.  The  authors  have  how- 
ever touched  frequently  upon  the  economic  side  of  the  subject, 
and  the  last  two  chapters  are  wholly  devoted  to  practical  topics. 

The  subject-matter  has  been  divided  into  three  parts,  treating 
respectively : 

I.  The  structure  and  physiology  of  seed  plants  (Bergen). 
II.  The  morphology,  evolution,  and  classification  of  plants,  being 
an  account  of  the  critical  morphology  of  plants  upon  which  is  based 
their  relationship  by  descent  (Davis). 

III.   Ecology  and  economic  botany  (Bergen). 

The  whole  will  furnish  material  for  a  full  year's  work,  and 
it  will  usually  be  found  necessary  to  omit  portions  and  thus 
shape  a  course  adapted  for  the  exact  conditions  under  which 
the  work  in  each  case  is  to  be  done.  It  is  not  the  intention 
of  the  authors  to  frame  an  inflexible  course,  but  rather  to  pre- 
sent in  orderly  fashion  the  material  from  which  a  thoroughly 
practical  one  can  be  planned.  Indeed,  the  authors  beheve  that 
a  half-year  course  can  l)e  readily  arranged  by  selections  from 
the  more  general  sections  of  the  book. 
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The  planning  of  a  course  will  be  materially  assisted  by  the 
use  of  the  authors*  Laboratory  and  Field  Manual,  which  is  so 
arranged  as  to  offer  a  choice  between  the  general  requirements 
of  a  shorter,  elementary  course  and  the  details  which  are  only 
possible  when  more  time  can  be  given  to  the  subject,  under 
excellent  conditioAS  of  laboratory  equipment  and  with  fairly 
mature  students.  A  glossary  of  botanical  terms  employed  in 
this  book  will  be  found  in  the  Laboratory  Manual. 

Some  instructors  will  prefer  to  devote  most  of  the  year  to  a 
study  of  seed  plants;  others  will  choose  to  make  the  story  of 
plant  evolution  the  chief  feature  and  may  even  prefer  to  begin 
with  Part  II.  This  ix)rtion  of  the  book  is  the  outgrowth  of  ten 
years'  experience  of  the  junior  author  in  the  University  of 
Chicago,  where  he  offered  a  year's  course  in  general  morphology 
along  somewhat  similar  hues.  The  treatment  given  to  the 
thallophytes  in  Part  II  will  seem  to  some  readers  long  in  pro- 
portion to  that  allotted  to  the  other  groups  of  ])lants.  This 
cannot  however  be  avoided  in  any  account  wliich  attempts  to 
present  an  outline  of  plant  evolution  with  the  ini])()rtaiit  topics 
of  the  origin  and  evolution  of  sex  and  of  the  sporophyte.  Fur- 
thermore, it  is  very  desirable  to  describe  a  range  of  types  from 
which  selections  may  be  made  according  to  the  material  avail- 
able in  different  regions  of  the  country.  Tlie  adaptation  of  the 
book  to  several  methods  of  approach  has  obviously  necessitated 
slight  repetitions  of  fundamental  matter  in  certain  parts. 

Whatever  the  order  of  treatment,  the  authors  would  urge  the 
importance  of  sending  the  student  to  tlie  plants  for  as  many  as 
may  be  of  his  facts  and  then  linking  these  together  by  read- 
ing and  class  discussion.  Undigested  laboratory  work  is  little 
better  than  none  at  all,  while  a  reading  course  without  type 
studies  and  physiological  ex}x»riment8  is  a  quarter  of  a  century 
behind  the  best  practice  of  ttnlay.  No  matter  where  it  is  to 
end,  the  study  of  botany  should  begin  with  a  first-hand  knowl- 
edge of  plants  themselves, —  best  of  all,  with  a  knowledge  of  their 
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life  in  their  own  natural  environment.  At  the  outset  there 
may  be  far  more  botany  and  more  reasoning  power  gained  in 
finding  out  for  one's  self  the  light  relations  of  locust  or  bean 
leaves,  or  in  ascertaining  why  one  pool  is  teeming  with  Spiro- 
gyra  and  another  with  Oscillatoria,  than  in  much  reading  of 
botanical  Hterature. 

The  earKer  chapters  of  Part  I  are  considerably  less  difficult 
than  most  of  the  later  portions  of  the  book.  It  is  therefore 
suggested  that  care  should  be  exercised  not  to  consume  too 
much  time  in  covering  this  ground,  together  with  the  laboratory 
work  which  it  presupposes.  Classes  should  rather  be  carried 
along  somewhat  rapidly  to  such  more  difficult  topics  as  are  dis- 
cussed in  Chapters  v,  viii,  xii,  and  xv,  and  in  Part  II. 

Except  where  acknowledgment  is  made  in  the  text,  the  figures 
and  plates  are  all  new  or  from  the  Foundations  or  Elements  of 
Botany  of  the  senior  author.  Most  of  the  illustrations  of 
Part  II  are  original  and  by  Dr.  Davis.  Special  thanks  for  pho- 
tographs and  plates  either  reproduced  in  half  tone  or  redrawn 
for  zinc  etchings  are  due  to  F.  W.  Atkinson,  F.  Borgesen,  F.  E. 
Clements,  E.  M.  Freeman,  G.  L.  Goodale,  and  Conway  Mac- 
Millan.  W.  M.  Davis,  A.  E.  Frye,  and  F.  Koth  have  kindly 
permitted  the  use  of  a  number  of  woodcuts  and  maps. 

Parts  of  the   manuscript   were  read   by  A.  T.   I^U,  F.  E. 

Clements,  I.  S.  Cutter,  \V.  F.  (lanong,  K.  A.  Harper,  \V.  M.  Hays, 

J.  C.  Jensen,  Miss  lillian  J.  MacKae,  and  Miss  Caroline  E. 

Stringer.     Proof   was    read    by    W.  J.  lieal,    F.  E.  Clements, 

W.  N.  ante,   I.  S.  Cutter,   H.  S.  Pepoon,   «.  M.  Stigall,  and 

Miss  Eva  0.  Sullivan.    To  all  of  these  the  authors  wish  to 

express  their  great  appreciation  for  kmdly  criticisms  and  most 

helpful  suggestions.  j  Y  B 

B.M.D. 
Cambridge,  August,  1906 
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PRmCIPLES  OF  BOTAISTY 


INTRODUCTION 

Botany  is  the  science  which  treats  of  plants.  It  considers  the 
structure  and  functions  of  individuals,  recognizes  their  neighbor- 
hood relations  as  citizens  of  plant  communities,  and  studies  their 
positions  as  members  of  the  plant  kingdom  more  or  less  closely 
related  by  common  descent.  The  study  of  the  individual  plant 
embraces  a  variety  of  topics,  and  the  examination  of  its  relation 
to  others  introduces  many  more  subjects. 

Morphology  is  the  science  of  form  and  structure.  Under  this 
head  are  studied  tlie  forms  of  plant  bodies  and  the  i;)ortions  of 
which  they  are  composed.  All  plants  except  tlie  ver}-  simplest 
are  made  up  of  parts,  called  organs,  which  are  structures  devel- 
o})ed  for  particular  kinds  of  work.  Tluis  the  stems,  roots,  and 
leaves  are  organs,  and  so  ai*e  also  tlie  parts  of  a  flower.  Morphol- 
ogy establishes  the  relationshijxs  of  organs  which  seem  at  first 
glance  very  dissimilar,  as  wlien  leaves  take  the  form  of  bud  scales 
or  spines  or  tendrils.  Morphology  traces  the  degeneration  of 
parts  wliich  frequently  cease  to  j)erform  the  work  for  which 
they  were  originally  developed  and  become  much  simplified  in 
structure  or  almost  disappear.  Thus  the  tendiils  of  the  wood- 
bine are  shown  to  be  morpliologically  branches  reduced  to  mere 
organs  of  attachment.  Although  morpliology  deals  witli  the 
plant  with  less  regard  to  its  character  as  a  livmg  being,  it 
should  never  be  entirely  separated  from  physiology,  but  should 
go  hand  in  hand  with  that  sister  subject,  equally  necessarj'  to 
an  understanding  of  plant  life. 
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1  ■'.'.''  "..:-'  urivicies  cjf  phincs  one 
''!i!."-;:"  ii'.'i  -i* -me  physics.  But 
• 'M  i:  •  ia:ic  piiysii»li>iry  which 
■■   i.'-r.iai-v  way  antl  iiivesti-    I 


:"   u'liu  «>t*  the   various 

A      .  zet'lotr}-.  consider? 
•■■■  :  •.  z\\^  apj^earaiice  of 

::..mI  with  the  classi-    1 

■•■:■  ^:::u'nt  ^r  grouping' 

:-'.:>  toi.ne  another. 

'    ::"..'  I-'Ul:  pnH.vs.ses  of 

v.wiiiional  study  of 

;  '    :..:.:\cs:  irrades  in  tlie 

a  I  ion. 


ORDER  OF  STUDY  3 

the  study  of  ecology  is  that  the  plant  is  not  an  organism  of  fixed 
form,  structure,  and  habits,  sprung  from  a  long  line  of  precisely 
similar  ancestors  and  destined  to  leave  an  indefinite  series  of 
forms  like  itself  to  succeed  each  other  in  the  same  area.  On  the 
other  hand,  each  generation  is  a  little  more  or  less  numerous 
than  its  predecessors,  covering  more  or  less  territorj'  than  they 
did,  and  varj'ing  from  them  this  way  or  that  under  the  influ- 
ence of  changing  conditions  of  life.  This  is  an  interesting  depart- 
ment of  botany,  but  it  has  to  be  studied  mainly  out  of  doors. 
Economic  botany  is  the  study  of  the  uses  of  plants  to  man. 

Many  of  the  topics  suggested  in  the  above  outline  cannot 
be  studied  in  detail  in  an  elementary  course.  It  ought,  however, 
to  be  possible  for  the  student,  to  learn  a  good  deal  about  the 
simpler  facts  of  morpholog}-  and  of  plant  physiolog}\  It  is 
necessary  to  study  plants  themselves,  to  take  them  to  pieces 
and  to  make  out  the  connection  of  their  parts,  to  examine  with 
the  microscope  small  portions  of  the  exterior  surface  and  thin 
slices  of  all  the  variously  built  tvniues  of  which  the  plant  consists. 
Among  the  lower  plants  there  will  be  found  a  most  attractive 
study  of  cell  structure,  reproductive  processes,  and  life  histories, 
—  all  requiring  the  use  of  the  compound  microscope.  Living 
plants  must  be  watched  in  order  to  ascertain  what  kinds  of  food 
they  take,  what  kinds  of  waste  substances  they  excrete,  how  and 
where  their  growth  takes  place  and  what  circumstances  favor  it, 
how  they  move,  and  indeed  to  get  as  complete  an  idea  as  pos- 
.sihle  of  what  has  been  called  the  behavior  of  plants. 

Since  the  most  familiar  plants  spring  from  seeds,  the  beginner 
in  botany  may  well  examine  at  the  outset  the  structure  of  a  few 
familiar  seeds,  then  sprout  them,  and  watch  the  growth  of  the 
seedlings  which  spring  from  them.  Afterwards  he  can  study  in  a 
few  examples  the  organs,  structure,  and  functions  of  seed  })lants, 
trace  their  life  history,  and  so,  step  l)y  step,  follow  the  process 
by  which  a  new  crop  of  seeds  at  last  results  from  the  growth  and 
development  of  such  a  seed  as  that  with  which  he  began. 


4  INTRODUCTION 

After  he  has  come  to  know  in  a  general  way  about  the  struc- 
ture and  physiology  of  seed  plants,  the  student  may  become 
acquainted  with  some  typical  spore  plants.  Tliis  will  open  up  a 
new  world,  illustrating  some  of  the  most  interesting  and  funda- 
mental principles  of  biological  science ;  for  an  understanding  of 
the  cell  theory  of  organization  and  development,  the  nature  of 
sexual  processes,  and  the  evolution  of  the  plant  kingdom  with 
its  remarkable  alternation  of  generations,  can  only  be  gained 
by  tracing  the  chief  steps  in  the  processes  through  the  various 
groups  of  algai,  fungi,  liverworts,  mosses,  and  ferns. 

For  users  of  the  book  who  wish  to  begin  in  the  autumn  with 
the  study  of  some  seed  plant  as  a  whole  the  following  scheme 
is  suggested: 

1.  Examine  a  seed  plant  in  flower,  to  get  an  idea  of  its  gross 
anatomy.  Then  study  tlie  development,  structure,  and  modes 
of  dissemination  of  the  fruit.  Outline  the  structure  of  seeds 
and  follow  the  germination  of  some  types.  Next  take  up  the 
structure  and  i)hysiology  of  the  vegetative  niem])ers  of  the  plant 
body,  r(x>t,  stem,  and  leaf. 

2.  Cover  as  much  as  may  be  of  Tart  II,  working  out  the 
story  of  the  evolution  of  })lants. 

3.  Devote  the  remainder  of  the  year  to  study  of  floral  struc- 
tures, field  work  on  families  of  angiospernis,  ecological  topics, 
and  an  outline  of  economic  botany. 

If  desired,  the  course  in  botany  may  ))egin  with  the  simplest 
spore  plants,  tracing  the  evolution  of  the  plant  kingdom  through 
a  consecutive  study  of  ty])es^  as  desci'ibed  in  Part  II,  followed 
by  somewhat  detailed  woi'k  on  the  structure  and  physiology  of 
seed  plants  (Part  1),  and  ecology  (Part  III). 


Paet  I 

THE  STRUCTURE  AND  PHYSIOLOGY  OF 
SEED  PLANTS 

CHACTER  1 
THE  SEED  AND  ITS  GERMINATION 


The  seed.  A  seed  is  a  miniature  plant, 
or  embryo,  with  some  accessory  parts,  in  a 
resting  or  dormant  state,  and  capable  under 
suitable  conditions  of  reproducing  the  kind 
of  plant  which  bore  it. 

The  power  of  producing  seeds  is  ^^culiar 
to  the  higher  plants  (seed  plants,  or  S2)er- 
matophytes)  and  sharply  distinguishes  them 
from  all  lower  forms  of  plant  life. 

The  embryo  may  nearly  or  ([uite  till  the 
interior  of  the  seed,  as  in  Fig.  1,  or  it  may 
constitute  only  a  small  part  of  the  bulk  of 
the  latter,  as  in  Figs.  3,  4. 

2.  Form  and  position  of  the  embryo. 
The  embryo  shows  great  diversity  of  form ; 
it  may  have  one,  two,  or  several  seed  leaves, 
or  cotyledons  (Figs.  1,  3,  12).  These  may 
be  straight,  as  in  the  squash  seed,  or  much 
cur\'ed  and  folded,  as  in  the  seed  of  the 
four-o'clock,  moniing-glory,  or  l)uckwlieat, 
but  they  are  almost  always  closely  i)acked  for  economy  of  space. 
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Fic;.  1.  Ixjngth wise  sec- 
tion of  a  s<iiia.sh  8ee<l 

e,  hyiM)C()tyl ;  co,  cotyle- 
don ;  p,  endosi^erm ;  h, 
hiliim ;  /),  plumule; 
^  testa.  Magnified 
about  two  and  a  half 
times 
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THE  SEED  AND  ITS  GERMINATION 


The  cotyledons  are  usually  borne  on  a  little  stem,  called  the 

hypocotyl  (meaning  beneath  the  cotyledon)  (Fig.  1,  c;  Fig.  2,  c). 

Often  a  little  seed  bud,  or  plumide  (Fig.  3),  is  easily  recogni- 
c  zable  in  the  embryo,  more  or 

less  inclosed  by  the  cotyledons, 
^^     W        iP  '^••— *       ^^  there  are  two  of  these. 
/m      Xi      Wmt'^^         ^'  ^^®  ^®^*  coats.    The  em- 

brj'o  (and  sometimes  other  seed 
contents)  is  inclosed  by  one  or 
more  seed  coats,  which  in  many 
cases  preserve  the  embryo  from 
injuries  of  various  kinds,  and 
also  serve  utlier  purposes.  The 
principal  seed  coat  is  called  the 
testa ;  it  varies  greatly  in  thick- 
ness, hardness,  color,  and  mark- 
ings, and  also  in  other  respects, 
as  is  evident  when  one  recalls 
the  varied  appearance  of  such 
familiar  seeds  as  those  of  the 
mustard,  squash,  bean,pea,  locust, 
apple,  poppy,  and  Brazil  nut. 

4.  Topics  for  investigation. 
The  student  should  learn  at  first 
hand  (that  is,  from  the  seeds  and 
the  young  seedlings  themselves), 

in  connection  with  the  present  chapter,  something  about  the 

following  topics : 

1.  The  anatomy  of  a  few  typical  seeds. 

2.  Some  of  the  conditions  for  germination. 

3.  Some  of  the  chemical   changes  produced  in  germinating 
seeds,  and  their  effect  upon  the  surrounding  air. 

4.  The  early  steps  in  the  development  of  seeds  into  plants. 
The  brief  outline  of  the  structure  of  the  seed  just  given  should 

be  much  enlarged  l)y  the  details  learned  in  the  laboratory. 


Fio.  2.   The  castor  bean  and  its 
germination 

.4,  lengthwise  section  of  ripe  seed:  t, 
testa ;  co,  cotyledon  ;  c,  hypocotyl. 
By  sprouting  seed  covered  with  en- 
dosperm. (\  same,  with  half  of  en- 
dosi)erm  removed.  D,  seedling:  r, 
primarj'  root;  K,  secondary  roots; 
c,  arch  of  hyi)ocotyl 


OXIDATION  INVOLVED  IN  GERMINATION 


Every  observing  person  who  has  grown  plants  from  the  seed 
has  learned  that  heat  and  moisture  are  necessary  to  insure  ger- 
mination, but  the  student  will  readily  discover,  too,  that  air  is 
necessary  for  anything  more  than  the 
beginning  of  germination. 

5.  Oxidation  involved  in  germina- 
tion. Germinating  seeds,  like  all  liv- 
ing things,  consume  much  oxygen^  — 
the  gas  everywhere  present  in  the 
atmosphere  which  supports  the  com- 
bustion of  coal  and  other  fires  and  of 
lamps  and  gas  flames.  In  place  of  the 
oxygen  which  they  absorb,  sprouting 
seeds  return  to  the  air  carbon  dioxide, 
—  the  gas  which  is  produced  by  burn- 
ing charcoal,  and  which  is  one  of  the 
products  of  burning  most  kinds  of  fuel 
and  of  the  respiration  of  animals. 

A  thermometer  with  its  bulb  im- 
mersed in  a  jar  of  sprouting  peas 
will  mark  a  temperature  somewhat 
higher  than  that  of  the  room  in  which  they  stand.  The  eleva- 
tion of  temperature  is  at  least  partly  due  to  the  union  of 
oxygen  with  combustible  materials  in  the  peas.  Such  a  combi- 
nation is  known  as  oxidation.  This  kind  of  chemical  change 
is  universal  in  plants  and  animals  while  they  are  in  an  active 
condition,  and  the  energy  which  they  manifest  in  their  growth 
and  movements  is  as  directly  tlie  result  of  the  oxidation  going 
on  inside  them  as  the  energy  of  a  steam  engine  is  the  result 
of  the  burning  of  coal  or  other  fuel  under  its  lx)iler.  In  the 
sprouting  seed,  much  of  the  energy  produced  by  the  action  of 
oxygen  upon  oxidizable  portions  of  its  contents  is  expended  in 
producing  growth,  but  some  of  this  energy  is  wasted  by  being 
transformed  into  heat  which  escapes  into  the  surrounding  soil. 
It  is  tliis  escaping  heat  which  is  detected  by  the  thermometer. 
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Fig.  3.    Lengthwise    section 
of  grain  of  corn 

y,  yellow,  proteid  part  of  endo- 
sperm ;  w,  white,  starchy  part 
of  eildosperm;  p,  plumule; 
8y  the  shield  (cotyledon),  in 
contact  with  the  endosperm 
for  ahsorption  of  food  from 
it;  r,  the  primary  root. 
Magnified  ahout  three  times. 
—  After  Sachs 


CHAPTER  II 


THE  STORAGE  OF  FOOD  IN  THE  SEED 


A 

Fio.  4.    Seeds   with   endo- 
sperm, longitudinal  sections 

A,  asparat^us  (magnified) ;  U, 
|K)ppy  (magnitied).  —  After 
Decaisiie 


6.  Importance  of  stored  food  for  growth  of  the  seedling.   A 

very  large  part  of  the  food  of  man  and  of  many  of  the  higher 

animals  consists  of  seeds  of  various 
kinds,  particularly  of  the  grains.  Every 
kind  of  seed  contains  some  stored  food 
material,  though  the  amount  in  the 
poppy  seed  is  but  an  insignificant  frac- 
tion of  that  in  a 
horse-chestnut. 
Very  often,  as 
has  already  been 
learned,  the  food 
is  stored  directly  in  the  embryo,  espe- 
cially in  the  cotyledons.  Frequently,  how- 
ever, most  of  it  is  deposited  in  the  ^kv- 
dosperniy  which  surrounds  or  lies  along- 
side of  the  cotyledons  (Figs.  2,  3,  4).  In 
either  case  the  slow  germination  and  sul)- 
secpient  growth  of  seeds  from  which  part 
or  all  of  the  food  material  has  been 
removed  shows  that  its  presence  is  most 
imi)ortant  in  forcing  along  the  growth 
of  the  seedling  (Fig.  5). 

7.  Usefulness  of  rapid  growth  of  seed- 
lings. The  very  existence  of  the  young 
plant  may  depend  upon  its  lieing  able  to 
make  a  rapid  start  in  life.  Most  areas 
of  fertile   land   contain    far   more    seeds 
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Fig.  6.  Germinating 
peas,  growing  in  water, 
one  deprived  of  its 
cotyledons 


STARCH 
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than  can  mature  plants  under  the  conditions  of  competition 
with  one  another  which  they  must  encounter,  and  so  plants 
which  shoot  up  rapidly  at  first  possess  a  decided  advantage. 
There  is  also  a  much  better  chance  for  seedlings  growing  in 
woodlands  if  they  can  attain  considerable  size  before  they  are 
too  much  shaded  by  the  foliage  of  the  trees  above  them.  This, 
of  course,  does  not 


apply  to  evergreen 
woods. 

8.  Kindsoffood 
stored  in  seeds. 
The  three  princi- 
pal kinds  of  plant 
food,  or  reserve 
material  stored  in 
seeds,  are  starch, 
oil,  and  albumi- 
nous substances, 
oxproteids}  A  sin- 
gle seed  may  con- 
tain all   three  of 


&oooQODpoooa 

r^r=3  cr^  CTD  <:P  ^=^  <^ '^^^  c^^^ 


Fio.  6.  Section  through  exterior  part  of  a 
grain  of  wheat 


these  in   consider-    ^^  cwticle,  or  outer  layer  of  bran;    ep,  epidermis;    m, 

middle  layer;  /,  /|,  layers  of  hull  next  to  seed  coats; 

able    proportions,       «,  «i,  seed  coats;  p,  layer  containinji^  proteid  grains; 

or  it  mav  contain       *''  ^'®^^^  "^  ^*^^  ewlospemi  filled  with  starch.    Greatly 
^  magni  fied .  —  A  f tfer  Tsch i  rch 

proteids  together 

with  either  starch  or  oil.  Some  i»r()teids  are  always  present, 
since  the  power  of  the  seed  to  live  and  grow  dqxMids  upon 
these  compounds. 

9.  Starch.  Ever}'  one  is  familiar  with  the  api)earanre  of  starch 
in  its  commercial  form.  As  found  in  seeds  it  occurs  in  micro- 
scopic compartments  known  as  r<;//«r(Fig.  6).  Eac^h  cell  contains 
many  small  starch  grains,  usually  of  a  nearly  round  or  an  ovoid 

*  As  in  general  throughout  the  book,  the  statements  of  the  text  j)re- 
floppoAe  a  suitable  anu)unt  of  laboratory  work  ;  for  example,  that  of  the 
manual  of  the  authors. 
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Fig.  7.    Canna  starch 
Magnified  300  diameters 


shape.  The  shape  and  markings  of  a  starch  grain,  whether 
found  in  the  seed  or  in  some  other  part  of  the  plant,  are  often 
sufficiently  definite  to  serve  to  identify  the  kind  of  plant  from 
which  they  came.  Frequently  the 
markings  are  very  regular  and  beauti- 
ful, as  in  canna  starch  (Fig.  7).  They 
are  due  to  the  successive  layers  de- 
posited as  the  starch  grain  is  formed. 
During  the  growth  of  the  seedling, 
seeds  containing  starch  rapidly  lose 
it,  and  microscopical  examination  of 
a  sprouting  grain  of  com  or  of-  the 
cotyledons  of  a  bean  plant  several 
weeks  old  shows  the  cells  compar- 
atively emptied  of  starch  and  those 
grains  which  remain  much  eaten  away,  as  described  below. 

10.  Action  of  ferments.  A  substance  which  can  produce  or 
excite  any  one  of  the  chemical  changes  known  as  fermentation 
is  called  a  ferment.  The  most  familiar  kinds  of  fermentation 
are  the  alcoholic ^  by  which  alcohol  is  produced,  and  the  acidy  by 
wliich  sohitions  of  alcohol  (such  as  fermented  cider)  are  turned 
into  vinegar,  and  by  wliich  the  sugar  of  milk  is  changed  into 
lactic  acid  when  sweet  milk  turns  sour. 

All  these  fermentations  and  many  others  are  caused  by  the 
development  within  the  fermenting  substances  of  minute  living 
organisms,  either  yeasts  or  bacteria^  described  in  Chapter  XXII, 
which  are  consequently  known  as  organized  ferments. 

There  is  a  class  of  sul)stances  which,  without  the  presence  of 
yeasts  or  bacteria,  can  produce  active  fermentation.  From  the 
absence  of  the  organisms  above-mentioned,  these  are  called 
luiorganized  ferments^  and  they  are  also  known  as  enzymes. 
One  of  these,  diastase,  plays  a  most  important  part  in  seeds 
during  germination,  transforming  starch  into  sugar.  Diastase  is 
found  in  considerable  quantities  in  malt,  which  is  barley  sprouted 
and  then  quickly  killed  by  moderate  heating.    Naturally,  as  a 
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result  of  the  action  of  its  diastase,  malt  tastes  much  sweeter 
than  barley.  The  capacity  of  this  enzyme  to  change  starch  to 
sugar  is  extraordinary,  any  quantity  of  diastase  sufficing  to  trans- 
form ten  thousand  times  its  weight  of  starch. 

11.  Oil.  Oil  occurs  in  many  seeds  —  as,  for  example,  flax,  cot- 
ton seed,  and  corn — in  sufficient  quantity  to  make  it  worth  while 
to  extract  it  by  pressure.  It  may  be  seen  under  the  microscope  in 
extremely  minute  droplets,  inclosed  in  the  cells  of  certain  regions 
of  the  seed. 

12.  Proteids.  Sometimes,  as  in  Fig.  6,  at  p^  the  proteid  con- 
stituents of  the  seed  occur  in  more  or  less  regular  grains,  but 
often  they  have  no  well-defined  form  and  size.  They  have  a 
chemical  composition  very  similar  to  that  of  white  of  egg  or 
the  curd  of  milk,  and  when  scorched  produce  tlie  familiar  smell 
of  burnt  hair  or  feathers,  which  serves  as  a  rough  test  for  their 
presence. 

13.  Other  constituents  of  seeds.  Besides  starch,  oil,  and  pro- 
teids, other  substances  occur  in  different  seeds.  Some  (jf  th<*He 
are  of  use  in  feeding  the  seedling,  others  are  of  value  in  prot(i(;t- 
ing  the  seed  itself  from  being  eaten  by  animals  or  in  rendering 
it  less  liable  to  decay.  In  such  seeds  as  that  of  the  nutmeg, 
the  essential  oil  which  gives  it  its  characteristic  flavor  probably 
makes  it  unpalatable  to  animals  and  at  the  sanjc  time  i>re{j4>rveii 
it  from  decay. 

Date  seeds  are  so  hard  and  tough  that  they  ranijot  \m  ejjUn 
and  do  not  readily  decay.  I^emon,  orange,  \n)ri^t-i\\i->Xu\i\ ,  m  «l 
buckeye  seeds  are  too  bitter  to  l>e  eaU'n,  and  the  wi'l.*-;  of  (In- 
apple,  cherry,  peach,  and  plum  are  »'>niewhat  bill*  i. 

Tlie  seeds  of  larkspur  (Datura),^  er</lon,  the  « uM/yj  oJ  j/l.^iii, 

nux  vomica,  and  many  other  kinds  of  piauJj-,  ^AH^mu  o'Ji,* 

poisons. 

I  Commonly  caUefl  4lii4*'/i»  ^^i^i- 


CHAPTER  III 


MOVEMENTS,   DEVELOPMENT,   AND   MORPHOLOGY   OF  THE 

SEEDLING 

14.  How  the  seedling  breaks  ground.    As  the  student  has 

already  learned  by  his  own  observations,  the  seedling  does  not 

always  push  its  way  straight  out  of  the  ground.    Corn,  like  all 

the  other  grains  and  grasses,  sends  a  tightly  rolled,  pointed  leaf 

vertically  upward  into  the  air ;  but  seedlings 

in  general  are  not  found  to  do 

anything  of  the  sort.  Tlie  sijuash  cr^^&\ 

seedling  is  a  good  one  in  which 
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Fig.  8.  Successive  stages  in  the  life  history  of  the  squash  seedHng 

QGf  the  surface  of  the  ground  ;  r,  primary  root ;  r',  secondary  root ;  c,  hypocotyl; 
a,  arch  of  hyixxjotyl ;  co,  cotyledons 

to  study  what  may  be  called  the  arched  type  of  germination. 
If  the  seed  when  planted  is  laid  horizontally  on  one  of  its  broad 
surfaces,  it  usually  goes  through  some  such  changes  of  position 
as  are  shown  in  Fig.  8. 

The  seed  is  gradually  tilted  until,  at  the  time  of  their  emer- 
gence from  the  ground  (at  (7),  the  cotyledons  are  almost  ver- 
tical   The  only  part  above  the  ground  line  GGy  at  this  period, 

12 
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is  the  arched  hypocotyl.  Once  out  of  ground,  the  cotyledons 
soon  rise,  until  (at  E)  they  are  again  vertical,  but  with  the 
other  end  up  from  that  which  stood  highest  in  C,  Then  the 
two  cotyledons  separate  imtil  they  once  more  lie  horizontally, 
pointing  away  from  each  other. 

Whether  the  first  part  of  the  seedling  to  emerge  from  the 
ground  is  a  pointed,  rolled-up  leaf,  as  in  Indian  corn,  or  the  hypo- 
cotyl arch,  as  in  Figs.  2  and  8,  the  result  is  to  force  the  earth 
aside  without  injury  to  the  plumule  or  the  cotyledons. 

15.  What  pushes  the  cotyledons  up?  A  very  little  study  of 
any  set  of  squash  seedlings,  or  even  of  Fig.  8,  is  sufficient  to 
show  that  the  portion  of  tlie  plant  where  roots  and  hypocotyl 
are  joined  neither  lises  nor  sinks,  but  that  the  plant  grows  both 
ways  from  this  part  (a  little  above  /  in  Fig.  8,  A  and  B).  It  is 
evident  that  as  soon  as  the  hypocotyl  begins  to  lengthen  much 
it  must  do  one  of  two  things :  either  push  the  cotyledons  out 
into  the  air  or  else  force  the  root  down  into  the  ground  as  one 
might  push  a  stake  down.  The  plantlet,  in  i)assing  from  the 
stage  shown  at  A  to  that  of  B  and  of  C,  develops  many  lateral 
roots,  thus  making  it  harder  and  harder  for  the  root  to  be  thrust 
boilily  downward. 

16.  Getting  rid  of  the  seed  coats.  In  seeds  with  thin  coats 
the  latter  usually  burst  open  irregularly  and  allow  the  opening 
cotyledons  to  escape.  But  in  seeds  with  as  thick  a  testa  as  that 
of  the  squash,  and  still  more  in  the  case  of  nuts,  the  cotyledons 
find  their  way  out  through  a  slit,  or  o])eniiig,  which  ai)})ears  in 
a  definite  part  of  the  seed.  If  for  any  reason  the  seed  coat  does 
not  open,  the  embr}'0  cannot  grow.  In  many  cases  the  moisture 
and  freezing  and  thawing  of  a  winter  in  the  earth  are  almost 
essential  to  germination,  and  some  seeds  grow  more  promjdy  if 
they  have  been  scorched  by  fire,  or  if  they  are  cracked  o^kmi 
before  planting. 

17.  Discrimination  between  root  and  hypocotyl.  It  is  not 
always  easy  to  decide  by  their  ap})earance  and  behavior  what 
part  of  the  seedling  is  root  and  what  i)art  is  hypocotyl.    In  a 
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seedling  visibly  beginning  to  germinate,  the  sprout,  as  it  is  com- 
monly called,  which  projects  from  the  seed  might  be  either  root 
or  hypocotyl,  or  might  consist  of  both  together,  so  far  as  its 
appearance  is  concerned.  A  microscopic  study  of  the  cross  sec- 
tion of  a  root,  compared  with  one  of  the  h}^ocotyl,  would  show 
decided  differences  ef  structure  between  the  two.  Their  mode 
of  growth  is  also  different,  as  the  pupil  may  infer  from  his  own 
observations. 

18.  Final  position  of  the  cotyledons.  As  soon  as  the  young 
plants  of  squash,  beau,  and  pea  have  reached  a  height  of  three 
or  four  inches  above  the  ground,  it  is  easy  to  recognize  important 
differences  in  the  way  in  which  they  set  out  in  life. 

The  cotyledons  of  the  squash  increase  greatly  in  surface, 
acquire  a  green  color  and  a  generally  leaf-like  appearance,  and, 
in  fact,  do  the  work  of  ordinary  leaves.  In  such  a  case  as  this 
the  appropriateness  of  the  name  seed  leaf  is  evident  enough, — 
one  recognizes  at  sight  the  fact  that  the  cotyledons  are  actually 
the  plant's  first  leaves.  In  the  bean  the  leaf-like  nature  of  the 
cotyledons  is  not  so  clear.  They  rise  out  of  the  ground  like  the 
squash  cotyledons,  but  then  gradually  shrivel  away,  though  they 
may  first  turn  green  and  somewhat  leaf-like  for  a  time. 

In  the  pea,  as  in  the  acorn,  the  horse-chestnut,  and  many 
other  seeds,  we  have  quite  another  plan,  —  the  underground  t}T)e 
of  germination.  Here  the  thick  cotyledons  no  longer  rise  above 
ground  at  all,  ])ecause  they  are  so  gorged  with  food  that  they 
could  never  become  leaves ;  but  the  young  stem  pushes  rapidly 
up  from  the  surface  of  the  soil. 

19.  Development  of  the  plumule.  The  development  of  the 
plumule  seems  to  depend  somewhat  on  that  of  the  cotyledons. 
The  squash  seed  has  cotyledons  which  are  not  too  thick  to 
become  useful  leaves,  and  so  the  plant  is  in  no  special  haste  to 
get  ready  any  other  leaves.  The  plumule,  therefore,  cannot  be 
found  with  the  magnifying  glass  in  the  unsprouted  seed,  and  is 
almost  microscopic  in  size  at  the  time  when  the  hypocotyl 
begins  to  show  outside  of  the  seed  coats. 
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In  the  bean,  pea,  and  com,  on  the  other  hand,  since  the  cotyle- 
dons cannot  serve  as  foliage  leaves,  the  later  leaves  must  be 
pushed  forward  rapidly.  In  the  bean  the  first  pair  are  already 
well  formed  in  the  seed.  In  the  pea  they  cannot  be  clearly 
made  out,  since  the  young  plant  forms  several  scales  on  its  stem 
before  it  produces  any  full-sized  leaves,  and  the  embrj'o  contains 
only  hypocotyl,  cotyledons,  and  a  sort  of  knobbed  plumule,  well 
developed  in  point  of  size,  representing  the  lower,  scaly  part  of 
the  stem. 

20.  Root,  stem,  and  leaf.  By  the  time  the  seedling  is  well 
out  of  the  ground  the  plant  body,  in  most  cases,  possesses  the 
three  kinds  of  vegetative  organs,  or  parts  essential  to  growth,  of 
ordinary  seed  plants ;  that  is,  the  root,  stem,  and  leaf,  or,  as  they 
are  sometimes  classified,  root  and  shoot.  All  of  these  organs 
may  multiply  and  increase  in  size  as  the  plant  grows  older,  and 
their  mature  structure  will  be  studied  in  later  chapters ;  but 
some  facts  concerning  them  can  best  be  learned  by  watching 
their  growth  from  the  outset. 

21.  Elongation  of  the  root.  We  know  that  the  roots  of  seed- 
lings grow  pretty  rapidly  from  the  fact  that  each  day  finds  them 
reachiug  visibly  farther  down  into  tlie  water  or  other  medium 
in  which  they  are  planted.  A  sprouted  Windsor  bean  in  a  ver- 
tical thistle  tube  will  send  its  root  downward  fast  enough  so 
that  ten  minutes*  watching  througli  the  microscope  will  suffice 
to  show  growth. 

22.  Root  hairs.  Very  young  seedlings  of  tlie  grains,  or  of 
mustard  or  red  clover,  afford  convenient  material  for  studying 
root  hairs.  These  are  most  abundantly  developed  when  the 
seed  is  sprouted  in  air  that  is  not  very  moist.  Only  a  certain 
zone  of  the  young  root  is  covered  with  live  hairs ;  the  younger 
portions  have  not  developed  them  and  the  older  portions  show 
only  dead  ones.  Examination  with  a  good  lens  or  a  low  power 
of  the  microscope  shows  the  gradual  lengthening  of  the  hairs, 
from  very  young  ones  near  the  root  tip  to  full-grown  ones 
farther  up. 
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The  root  hairs  in  plants  growing  under  ordinary  conditions 
are  surrounded  by  the  moist  soil  and  wrap  themselves  around 
microscopical  particles  of  earth  (Fig.  9).  Thus  they  are  able  rap- 
idly to  absorb  through  their  thin  walls  the  soil  water,  with  what- 
ever mineral  substances  it  has  dissolved  in  it. 

23.  The  young  stem.  The  hypocotyl,  or  portion  of  the  stem 
which  lies  below  the  cotyledons,  is  the  earliest  formed  portion 


FiQ.  9 
Fk;.  0.    Cross  section  of  a  root 


Fig.  10 


A  pood  deal  inaj;iiificd,  showini;  root  hairs  attaclicMl  to  j)artiflos  of  soil,  and  some- 
times enwrapping  these  partichis.  —  After  Frank  and  Tschirch 

Fkj.  10.   A  turnip  seedling,  with  the  cotyledons  developed  into 
temponiry  leaves 

h,  root  hairs  from  the  primary  root ;  b,  bare  portion  of  the  root,  on  which  no  hairs 
have  as  yet  been  produced 

of  tlie  stem.  Sometimes  this  grows  but  little ;  often,  however, 
tlie  hypocotyl  lengthens  enough  to  raise  the  cotyledons  well 
alM)ve  ground,  as  in  Fig.  10. 

Tlie  later  portions  of  the  stem  are  considered  to  be  divided 
into  successive  sections  called  nodes  (places  at  which  a  leaf, 
or  a  H(5ale  which  represents  a  leaf,  appears)  and  internodes 
(portions  between  the  leaves). 


THE  FIRST  LEAVES 


17 


The  stem  increases  in  length  by  the  simultaneous  elongation 
of  several  internodes,  as  shown  by  Fig.  11.  It  will  be  noticed 
that  in  the  plant  figured  the  greatest  increase  in 
length  is  neither  in  the  oldest  nor  the  youngest 
internodes  which  are  growing  at  all,  but  in  an  inter- 
mediate region. 

Every  portion  of  the  entire  shoot,  shown  in  the 
figure,  has  elongated  except  the  interval  21-22. 

Counting  from  the  top  the  lengthening  of  several 
of  the  segments  is  as  follows : 


Intervals 


1 
2 

3 
4 

5 
6 
7 
8 
9 
10 
11 


Per  Cent  Increase 

in  length 

.  .  100 

.  .  120 

.  .  140 

.  .  140 

.  .  100 

.  .  140 

.  .  1L>0 

.  .  110 

.  .  110 

.  .  100 

.  .  80 


^ 


^ 


24.  The  first  leaves.    The  cotyledons 
are,  as  already  explained,  the  first  leaves 

which  the  seedling  possesses,    liven  if  -4                   B 

a  plumule  is  found  well  developed  in  Fk;.  11.  Growth  in  ahori- 

.,             J    ..              J.            1      iTi^       xi           A.  zontal    shoot  of    hedge 

the  seed,  it  was  formed  after  the  coty-  bindweed » 


ledons.    In  those  plants  which  have  so 

much  food  stored  in  the  cotyledons  as  to 

render  them  unfit  ever  to  become  useful 

foliage  leaves,  as  in   the  pea,  there  is 

little  or  nothing  in  the  color,  shape,  or  general  appearance  of 

the  cotyledon  to  make  one  think  it  really  a  leaf,  and  it  is  only 

by  studying  many  cases  that  the  botanist  is  enabled  to  class  all 


A,  the  shoot  divided  by- 
ink  marks  into  22  equal 
segments  ;  H,  the  same, 
twenty-four  hours  later. — 
After  Bonnier  and  Sahlon 


*  Convolvulus  septum. 
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cotyledons  as  leaves  in  their  nature,  even  if  they  are  quite 
unable  to  do  the  ordinary  work  of  leaves.  In  seeds  which  have 
endosperm,  or  food  stored  outside  of  the  embryo,  the  cotyledons 
usually  become  green  and  leaf-like,  as  they  do,  for  example,  in 
the  four-o'clock,  the  morning-glory,  and  the  buckwheat ;  but  in 
the  seeds  of  the  true  grains,  which  contain  endosperm,  as  in  the 
familiar  instance  of  Indian  corn,  a  large  portion  of  the  single 
cotyledon  remains  throughout  as  a  thickish  mass  buried  in  the 
seed.  In  a  few  cases,  as  in  the  pea,  there  are  scales  instead  of 
true  leaves  formed  on  the  first  nodes  above  the  cotyledons,  and 
CO  it  is  only  at  about  the  third  node  above  that 

leaves  of  the  ordinary  kind  appear.  In  the  bean 
and  some  other  plants  wliich  in  general  bear  one 
leaf  at  a  node  along  the  stem,  there  is  a  pair 
produced  at  the  first  node  above  the  cotyledons, 
and  the  leaves  of  this  pair  differ  in  shape  from 
those  which  arise  from  the  succeeding  portions 
of  the  stem. 

25.  Classification  of  plants  by  the  number  of 
their  cotyledons.  In  the  pine  family  the  germi- 
FiG.  12.  Gerrai-  nating  seed  often  displays  more  than  two  coty- 
na  ing  pine  ledons,  as  shown  in  Fig.  12  ;  in  the  majority  of 
CO,  coty  e  ons  (jQn^niQn  seed  plants  the  seed  contains  two  coty- 
ledons, while  in  the  lilies,  the  rushes,  the  sedges,  the  grasses, 
and  some  other  plants  there  is  but  one  cotyledon.  Upon  these 
facts  is  based  the  division  of  most  seed  plants  into  two  great 
groups:  the  dicotyledonous  plants,  which  have  two  seed  leaves, 
and  the  monocotylcdonous  ^;/^ni^s,  which  have  one  seed  leaf. 
Other  imj^)ortant  differences  nearly  always  accompany  the  differ- 
ence in  number  of  cotyledons,  as  will  be  seen  later. 
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26.  Origin  of  roots.    The  primary  root  originates  from  the 
lower  end  of  the  hypocotyl,  as  the  student  learned  from  his  own 
observations  on  sprout- 
ing seeds.    The  branches 
of  the  primary  root  are 
called    secondary    roots, 
and  the  branches  of 
these  are  known  as 
tertiary  roots.    Those 
roots  which  occur  on  the 
stem  or  in  other  unusual 
places  are  known  as  ad- 
ventitious roots.    The 
roots  which  form  so 
readily   on   cuttings  of 
willow,  southernwood, 
Tropeeolum,  French  marigobl, 
cultivated  **  geranium  "  (Pt^-largo 
nium),  Tradescantia,  and  nuuiy 
other    plants,  when   placi?d    in 
damp  earth  or  water,  are  adven- 
titious. 

27.  Aerial  roots.  \Vhile  the 
roots  of  most  familiar  ])lants 
grow  in  the  earth,  there  are  otlktM.s  wKidi  arc 
formed  in  the  air,  called  aerial  roofs.  They  serve  various  pur- 
poses: in  some  tropical  air  plants  (Fig.  13)  they  fasten  the  plant 
to  the  tree  on  which  it  establishes  itself,  as  well  as  take  in 
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A  thrift  I  rootfl  of 
liti  orchid 
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water  which  drips  from  branches  and  trunks  above  them,  so 
that  these  plants  require  no  soil  and  grow  suspended  in  mid  air 
from  trees  which  serve  them  merely  as  supports;  many  such 
air  plants  are  grown  in  greenhouses.  In  such  plants  as  the  ivy 
(Eig.  14)  the  aerial  roots,  which  are  also  adventitious,  hold  the 
plant  to  the  wall  or  other  surface  up  which  it  climbs. 

In  the  Indian  corn  (Fig.  15)  roots  are  sent  out  from  nodes  at 
some  distance  above  the  ground  and  descend  until  they  enter 


Fig.  14.    Aerial,  adventitious  rooti*  of  the  ivy 

the  ground.  They  serve  to  anchor  the  cornstalk  so  that  it  may 
resist  the  wind,  and  to  supply  additional  water  to  the  plant.  They 
often  produce  no  rootlets  until  they  reach  the  ground. 

28.  Water  roots.  Many  plants,  such  as  the  willow,  readily 
adapt  their  roots  to  live  either  in  earth  or  in  water,  and  some, 
like  the  little  floating  duckweed,  regularly  produce  roots  which 
are  adapted  to  live  in  water  only.  These  water  roots  often  show 
large  and  distinct  sheaths  on  the  ends  of  the  roots,  as,  for 
instance,  in  the  so-called  water  hyacinth  {EicMiomia), 
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lo.  16.    Lower  part  of  stem  .and  roots  of  Indian  corn,  showing  aerial  roots 
(*'  bnice  roots") 

C  intemodes  of  the  stem ;  fc,  d,  p,/,  ncxles  of  various  ape  bearing  roots.  Most 
of  these  started  as  aerial  rooti},  but  all  except  those  from  b  have  now  reached  the 
emith 
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2S,  Parasitic  foots.  The  cknlder,  the  mistletoe,  and  a  good 
many  other  seed  plants  are  callenl  para$ii€^,  since  they  live,  at 
iBEst  iu  partj  upoo  food  which  they  steal  from  other  plants 


ABC 
Fic.  16.   Ui^d^r,  A  lAr^isttic  seed  plant 
nagnifieii  lection  of  sia^^^^^^^^j^  rooci  of  dodder;  B,  dtidr|«r  npiMi 


ti  golden-rod  stem ;  C*, 
bust;   t, 

called  thei 
trate  the 
with 


groirifig  In  «anli:  h,  siimu  of 
or  hauM^rm;  m,  Se^niufCB. — 


1,  which  pene- 
it€  connections 
ihe  latter. 
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In  the  dodder,  as  is  shown  in  Fig.  16,  the  seedling  parasite  is 
admirably  adapted  to  the  conditions  under  which  it  is  to  liva 
Eooted  at  first  in  the  ground,  it  develops  a  slender,  leafless  stem, 
which,  leaning  tliis  way  and  that,  no  sooner  comes  into  perma- 
nent contact  with  a  congenial  host  than  it  produces  sucking 
roots  at  many  points,  gives  up  further  growth  in  its  soil  roots, 
and  lengthens  rapidly  on  the  strength  of  the  supplies  of  ready- 
made  sap  which  it  obtains  from  the  host. 

30.  Forms  of  roots.  The  primary  root  is  that  which  proceeds 
like  a  downward  prolongation  directly  from  the  lower  end  of  the 


Fio.  17  Fig.  18  Fio.  19 

A  tap  root  Fibrous  roots     Fleshy  and  clustered  roots 

hypocotyl.  In  many  cases  the  mature  root  system  of  the  plant 
contains  one  main  root  much  larger  than  any  of  its  branches. 
This  is  called  a  tap  root  (Fig.  17). 

Such  a  root,  if  much  thickened,  may  assume  some  such  form 
as  that  of  the  carrot,  parsnip,  beet,  turnip,  or  radish,  and  is  called 
a  fleshy  root.  Some  plants  produce  a  cluster  of  roots  from  the 
lower  end  of  the  hypocotyl.  Such  roots  often  become  thickened, 
as  in  the  sweet  potato  and  the  dahlia  (Fig.  19). 

Roots  of  grasses,  etc.,  are  thread-like,  and  known  as  fibrous 
roots  (Fig.  18). 
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31.  General  structure  of  roots.  The  general  structure  of  the 
very  young  root  can  be  partially  made  out  by  examining  the 
entire  root  with  a  moderate  magnifying  power.  Often  the  whole 
is  sufficiently  translucent  to  allow  the  interior  as  well  as  the 

exterior  portion  to  be 
P'^         studied  while  the  root 
is  still  alive  and  grow- 
ing. 

The  main  bulk  of 
the  root  is  composed  of 
a  central  cylinder  and 
the  cortical  portion 
which  surrounds  it 
The  outermost  part  of 
the  cortex  is  a  layer  of 
cells  forK^ihg  a  thin 
skin  known  as  the  epi- 
dcrmis.  The  tip  of  the 
root  is  covered  by  a 
mass  of  loosely  attached 
cells  forming  the  pro- 
tective root  cap. 

On  examining  Figs. 
20  and  21,  the  cylin- 
ders of  which  the  root 

W,  root  cap;  ?,  younger  part  of  cap;  z,  dead  cells  is    made    Up  are   easily 

separating  from  cap;  ^  growing  point;  o.  epi-  .i:„HnmnQ]iPd     and    tbp 

dermis  ;p',  intermediate  layer  between  epidermis  iHotuiguio^^Uj  "-aiu    tue 

and  central  cylinder;/),  central  cylinder,  in  which  main  Constituent  partS 

the  fibro-vascular  bundles  arise.  —  After  Wiesner  «           ,                i               -, 

of  each  can  be  made 
out  without  much  trouble.  The  epidermal  cells  ^re  seen  to  be 
somewhat  brick- shaped,  many  of  them  provided  with  extensions 
into  root  hairs.  Inside  the  epidermis  lie  several  layers  of  rather 
globular,  tliin-walled  cells,  and  inside  these  a  boundary  layer 
between  the  cortical  or  bark  portion  of  the  root  and  the  central 
cylinder.    This  latter  region  is  esi)ecially  marked  by  the  presence 


Fig.  20.  Lengthwise  section  (somewhat  dia- 
grammatic) through  root  tip  of  Indian  corn. 
X  about  130 
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of  certain  groups  of  cells,  shown  at  w^  d,  and  b  (Fig.  21),  the  two 
former  serving  as  channels  for  air  and  water,  the  latter  (and  w 
also)  giving  toughness  to  the  root. 

Roots  of  shrubs  and  trees  more  than  a  year  old  will  be  found  to 
have  increased-  in  thickness  by  the  process  described  in  Chapter 
VII,  and  a  section  may  look  unlike  that  shown  in  Fig.  21. 

32.  Storage  of  re- 
serve material  in 
roots.  Many  roots 
contain  large  quanti- 
ties of  stored  plant 
food,  usually  in  the 
shape  of  starch,  sugar, 
proteids,  or  all  three 
together.  Parsnips, 
carrots,  turnips,  and 
sweet  potatoes  are 
familiar  examples  of 
storage  roots. 

Beet  roots  contain 
so  much  sugar  that 
a    large    part    of    the   Fio.  21.  Much  magnified  cross  section  of  a  young 


sugar  supply  of 


dicotyledonous  root 


Eurone     and    an     in-    ^'  '^^^  hairs  with  adhering  bits  of  sand;    e,  epi- 
*^'  ^  dermis;    s,   tliin-walled,   nearly  globular  cells  of 

creasing  portion  of       bark;  6,  hard  bast;  c,  cambium;  tr,  wood  cells; 

our    own    supply,  is     ^»<^"«^ 

obtained  from  them.    Oftentimes  the  bulk  of  a  fleshy  root  is^ 
exceedingly  large  as  compared  with  that  of  the  parts  of  the 
plant  above  ground. 

Not  infrequently  roots  have  a  bitter  or  nauseous  taste,  as  in 
the  case  of  the  chicory,  the  dandelion,  and  tlie  rhubarb ;  and  a 
good  many,  like  the  monkshood,  tlie  yellow  jasmine,  and  the 
pinkroot,  are  poisonous.  Evidently  the  plant  may  be  benefited 
by  the  disgusting  taste  or  poisonous  nature  of  its  roots,  which 
renders  them  uneatable. 
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33.  Use  of  the  food  stored  in  fleshy  roots.  The  parsnip, 
beet,  carrot,  and  turnip  are  biennial  plants ;  that  is,  they  do 
not  produce  seed  until  the  second  summer  or  fall  after  they  are 
planted. 

The  first  season's  work  consists  mainly  m  producing  the  food 
which  is  stored  in  the  roots.  To  such  storage  is  due  their  char- 
acteristic fleshy  appearance.  If  the  root  is  planted  in  the  fol- 
lowing spring,  it  feeds  the  rapidly  growing  stem  which  proceeds 
from  the  bud  at  its  summit,  and  an  abun- 
dant crop  of  flowers  and  seed  soon  follows; 
while  the  root,  if  examined  in  late  summer, 
-^■j™.«^.>wM  will  be  found  to  be  withered,  with  its  store 
V  y^M^M^  ^^  reserve  material  quite  exhausted. 
\  A  (f'raKal  V  The  roots  of  the  rhubarb  (Fig.  22),  the 
sweet  potato,  and  of  a  multitude  of  other 
perennials,  or  plants  which  live  for  many 
years,  contain  much  stored  plant  food. 
Many  such  plants  die  to  the  ground  at  the 
beginning  of  winter,  and  in  spring  make  a 
rapid  growth  from  the  materials  laid  up  in 
the  roots. 

34.  Extent  of  the  root  system.  The  total 
length  of  the  roots  of  ordinary  plants  is 
much  greater  than  is  usually  supposed. 
They  are  so  closely  packed  in  the  earth  that 
only  a  few  of  the  roots  are  seen  at  a  time  during  the  process  of 
transplanting,  and  when  a  plant  is  pulled  or  dug  up  in  the 
ordinary  way  a  large  part  of  the  whole  mass  of  roots  is  broken 
off  and  left  behind.  A  few  plants  have  been  carefully  studied 
to  ascertain  the  total  weight  and  length  of  the  roots.  Those  of 
winter  wheat  have  been  found  to  extend  to  a  depth  of  seven 
feet.  By  weighing  the  whole  root  system  of  a  plant,  and  then 
weighing  a  known  length  of  a  root  of  average  diameter,  the 
total  length  of  the  roots  may  be  estimated.  In  this  way  the 
roots  of  an  oat  plant  have  been  calculated  to  measure  about 


Fig.  22.  Fleshy  roots 
of  garden  rhubarb. 
About  one  fifteenth 
natural  size 
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154  feet;  that  is,  all  the  roots,  if  cut  oflf  and  strung  together 
end  to  end,  would  reach  that  distance. 

Single  roots  of  large  trees  often  extend  horizontally  to  gi-eat 
distances,  but  it  is  not  often  possible  readily  to  trace  the  entire 
depth  to  which  they  extend.  One  of  the  most  notable  examples 
of  an  enormously  developed  root  system  is  found  in  the  mesquite 
of  the  far  Southwest  and  Mexico.  Wlien  this 
plant  grows  as  a  shrub,  reacliing  the  height, 
even  in  old  age,  of  only  two  or  three  feet,  it  is 
because  the  water  supply  in  the  soil  is  very 
scanty.  In  such  cases  the  roots  extend  down 
to  a  depth  of  sixty  feet  or  more,  until  they 
reach  water,  and  the  Mexican  farmers  in 
digging  wells  follow  these 
roots  as  guides.  Where  water 
is  more  abundant,  the  mesquite 
forms  a  good-sized  tree,  with 
much  shorter  roots. 

35.  The  absorbing  surface 
of  roots.  The  soil  roots  of 
most  seed  plants  are  provided 
with  a  highly  efficient  means 
for  absorbing  water  hi  the 
shape  of  a  coating  of  root  hairs, 
with  which  their  younger  por- 
tions are  thickly  covered. 
Some  idea  of  their  abundance 
may  be  gathered  from  the 
estimate  that  ou  the  hair- 
bearing  portions  of  the  roots 
of  the  common  pea  about  1437 
hairs  occur  on  every  hundredth  of  a  square  inch  of  surface. 

A  root  hair  is  an  extremely  thin-walled  tube,  springing  from 
an  epidermal  cell,  into  wliicli  it  opens.  The  way  in  which  the 
cells  give  rise  to  hairs  is  well  shown  in  Figs.  21  and  23. 


1 ( 


Fig.  23. 


B 


At  a  very  young  root  hair;  B,  an  older 
one  (both  greatly  magnified) ;  e,  cells 
of  the  epidermis  of  the  root:  n,  nu- 
cleus; 8,  watery  cell  sap;  p,  proto- 
plasm lining  the  cell  wall.  —  After 
Frank 
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Most  water  roots  are  destitute  of  root  hairs,  and  absorb  water 
through  the  general  epidermal  surface  of  their  younger  portions. 

Aerial  roots,  like  those  shown  in  Fig.  13,  are  in  many  cases 
provided  with  an  external  absorbent  layer  of  spongy  tissue,  by 
means  of  which  they  retain  some  of  the  water  which  trickles 
down  them  during  rains.  This  stored  moisture  they  gradually 
give  up  to  the  plant. 

36.  Absorption  of  water  by  roots.  Just  how  much  water 
some  kinds  of  plants  give  off  (and  therefore  absorb)  per  day 
will  be  discussed  when  the  uses  of  the  leaf  afe  studied  For 
the  present  it  is  sufficient  to  state  that  even  an  annual  plant 
during  its  lifetime  absorbs  through  the  roots  very  many  times 
its  own  weight  of  water.  Grasses  have  been  known  to  take 
in  their  weight  of  water  in  every  twenty-four  hours  of  warm, 
dry  weather.  This  absorption  in  most  soil  roots  takes  place 
mainly  through  the  root  haii*s.  Their  walls  are  extremely  thin, 
and  have  no  holes  or  pores  visible  under  even  the  highest 
power  of  the  microscope,  yet  the  water  of  the  soil  penetrates 
very  rapidly  to  the  interior  of  the  root  hairs.  The  soil  water 
brings  with  it  all  tlie  substances  which  it  can  dissolve  from  the 
earth  about  the  plant;  and  the  closeness  with  which  the  root 
hairs  cling  to  the  particles  of  soil,  as  shown  in  Figs.  9  and  21, 
must  cause  the  water  which  is  absorbed  to  contain  more  foreign 
matter  than  underground  water  in  general  does,  particularly 
since  the  roots  give  off  enough  weak  acid  from  their  surface  to 
corrode  the  surface  of  stones  which  they  enfold  or  cover. 

37.  Substances  required  by  the  plant  for  nutrition.  Ordinary 
seed  plants  require  for  their  nutrition  ten  of  the  chemical  ele- 
ments. By  far  the  greater  part  of  the  weight  of  the  plant  body 
is  usually  due  to  compounds  of  carhoUy  hi/drogen,  oxygen,  and 
nitrogoi.  Besides  these  there  are  present  the  six  elements, — 
sulj^hur,  j)hosphoriifiy  potassium,  calcium^  magnesiurriy  and  iron- 
In  ordinary  green  meadow  grass  there  is  about  80  per  cent  of 
water  and  20  per  cent  of  dry  matter.  On  drying  the  grass  into 
hay  and  then  burning  the  latter,  some  2  per  cent  of  ash  will  remain. 
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and  in  this  will  be  found  the  six  elements  —  sulphur,  phos- 
phorus, potassium,  calcium,  magnesium,  and  iron  —  in  the  form 
of  incombustible  salts  (sulphates,  phosphates,  and  so  on). 

The  plant  gets  its  carbon  and  oxygen  from  the  air,  as  will 
be  explained  in  Chapter  xii.  Deprived  of  air,  all  green  plants 
soon  die.  The  hydrogen  is  obtained 
from  water. 

The  importance  of  the  six  ash- 
forming  constituents  mentioned 
above  is  most  readily  studied  by 
means  of  water  cultures  in  which 
plants  are  grown  with  suitable 
proportions  of  dissolved  salts.  If 
any  one  of  the  six  elements  is 
omitted  from  a  solution,  the 
plants  grown  in  it  are  dwarfish 
and  unhealthy. 

Ordinary  soil  water  contains 
sufficient  salts  in  solution  for  the 
nutrition  of  plants,  but  not  always 
enough  to  stimulate  rapid  growth. 

38.  Sap  pressure.  Not  only 
does  much  water  gain  admission 
to  the  plant  through  the  roots, 

hilt  imHpr  orHinarv  pirriinmtftnrps  '^''  ^^^^^  ^"^*®  fastened  to  the  stump  of 

Dut  unaer  ordinary  circumsiances     ^,^^  ^^j^j.^  ^^^,^  ^^^  ^  ^^^^^^^^^  ^^^^^  . 

it   is    found    forcing    its   way    on,      r,  r,  rubber  stoi)i)er»;    r,  bent  tube 

.    .  J    i.u  1     i-u      ^i-^ /r  containing  nien'ury ;  r, /,  ui)i)er  and 

mtO,  and   through   the   stem  (for      ,ower  level  of  meriury  in  r- After 

explanation  see  Sees.  48-51).  The     Sachs 

force  called  sap  pressure  with  which  the  upward-flowing  current 
of  water  presses  may  be  estimated  by  attaching  a  mercury  gaugcj 
to  the  root  of  a  tree  or  the  stem  of  a  small  sapling.  This  is  best 
done  in  early  spring  after  the  thawing  of  the  groinid,  but  Ixifore 
the  leaves  have  appeared.  The  exiR^rinicMit  may  also  be  per- 
formed indoors  upon  almost  any  plant  with  a  moderately  firm 
stem,  through  which   the   water    from   the   soil    rises   freely. 


Fio.  24.  Apparatus  to  measure 
sap  pre8.su re 


30  ROOTS 

A  dahlia  plant  or  a  tomato  plant  answers  well,  though  the 
sap  pressure  from  one  of  these  will  not  be  nearly  as  great  as  that 
from  a  larger  shrub  or  a  tree  growing  out  of  doors.  In  Fig.  24 
the  apparatus  is  shown  attached  to  the  stem  of  a  dahlia.  The 
difference  of  level  of  the  mercury  in  the  bent  tube  serves  to 
measure  the  pressure.  For  every  foot  of  diflference  in  level  there 
must  be  a  pressure  of  nearly  six  pounds  per  square  inch  on  the 
stump  at  the  base  of  the  tube  T} 

A  black  birch  root  tested  at  the  end  of  April  has  given  a 
sap  pressure  of  thirty-seven  poimds  to  the  square  inch.  This 
would  sustain  a  column  of  water  about  eighty-six  feet  high. 

39.  Root  absorption  and  temperature  of  the  soil.  The  tem- 
perature of  roots  and  the  earth  about  them  has  much  to  do 
with  the  rate  at  which  they  absorb  water.  Some  plants  can 
absorb  it  at  temperatures  as  low  as  25°  F.  (— 4°  C),  while 
others  cannot  do  so  at  any  temperature  below  39°  F.  (4°  C). 
This  fact  of  the  power  to  get  water  from  the  soil  ceasing  at  tem- 
peratures in  the  neighborhood  of  the  freezing  point  has  most 
important  consequences,  since  it  implies  that  a  plant  may  die 
for  lack  of  water  with  its  roots  immersed  in  cold,  wet  soil 
Hence  the  parched  appearance  often  noticed  in  leaves  killed 
by  frost. 

40.  Movements  of  young  roots.  The  fact  that  roots  usually 
grow  downward  is  so  familiar  that  we  do  not  generally  think  of 
it  as  a  thing  that  needs  discussion  or  explanation.  Since  they 
are  pretty  flexible,  it  may  seem  as  though  young  and  slender 
roots  merely  hung  down  by  their  own  weight,  like  so  many  bits 
of  wet  cotton  twine.  But  the  root  of  a  young  Windsor  bean 
seedling  or  of  a  sprouting  pea  will  force  itself  down  into  mer- 
cury. By  comparing  the  weights  of  equal  bulks  of  mercury  and 
Windsor  bean  roots,  it  is  found  that  the  mercury  is  about  four- 
teen times  as  heavy  as  the  substance  of  the  roots.  Evidently, 
then,  the  submerged  part  of  the  root  must  have  been  held  under 
by  a  force  about  fourteen  times  its  own  weight. 

1  For  a  more  accurate  method  see  Handbook. 
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A  more  accurate  measurement  of  the  force  exerted  by  the 
root  may  be  made  by  confining  it  so  it  cannot  bend,  and  letting 
it  push  down  on  a  spring.  In  tliis  way  it  is  found  that  the  root 
of  the  Windsor  bean  can  push  with  a  pressure  of  about  ten 
ounces. 

Making  fine  equidistant  cross  marks  with  ink  along  the  upper 
and  the  lower  surface  of  a  root  that  is  about  to  bend  downward 
at  the  tip  readily  shows  that  those  of  the  upper  series  soon 
come  to  be  farther  apart,  —  in  other  words,  that  the  root  is 
forced  to  bend  downward  by  the  more  rapid  growth  of  its  tipper 
as  compared  with  its  under  surface. 

41.  Geotropism.  The  property  which  plants  or  their  organs 
manifest,  of  assuming  a  definite  direction  with  reference  to  grav- 
ity,^ is  called  geotropism.  When,  as  in  the  case  of  the  primary 
root,  the  effect  of  gravity  is  to  make  the  part,  if  unobstructed, 
turn  or  move  downward,  we  say  that  the  geotropism  is  positive. 
If  the  tendency  is  to  produce  upward  movement,  we  say  that 
the  geotropism  is  negative;  if  horizontal  movement,  that  it  is 
lateral.  It  was  stated  in  the  preceding  section  that  the  direct 
cause  of  the  downward  extension  of  roots  is  unequal  growth. 
We  might  easily  suppose  that  tliis  unequal  growth  is  not  due 
to  gravity,  but  to  some  other  cause.  To  test  tliis  supposition, 
the  simplest  plan,  if  it  could  be  carried  out,  would  be  to  remove 
the  plants  studied  to  some  distant  region  where  gravity  does  not 
exist.  This  of  course  cannot  be  done,  but  we  can  easily  turn  a 
young  seedling  over  and  over  so  that  gravity  will  act  on  it  now 
in  one  direction,  now  in  another,  and  so  leave  no  more  impres- 
sion than  if  it  did  not  act  at  all.  Or  we  can  whirl  a  plant  so 
fast  that  not  only  is  gravity  done  away  with,  but  another  force 
is  introduced  in  its  place.  If  a  vertical  wheel,  like  a  carriage 
wheel,  were  provided  with  a  few  loosely  fitting  iron  rings  strung 
on  the  spokes,  when  the  wheel  was  revolved  rapidly  the  lings 
would  aU  fly  out  to  the  rim  of  the  wheel.    So  in  Fig.  25  it  will 

1  Gravity  means  the  pull  which  the  earth  exerts  upon  all  objects  on  or 
near  its  surface. 
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be  noticed  that  the  growing  tips  of  the  roots  of  the  sprouting 
peas  point  almost  directly  outward  from  the  center  of  the  disk 

on  which  the  seedlings  are  fastened. 
In  this  case  the  so-called  "  centrif- 
ugal force"  due  to  the  rotation  of 
the  wheel  is  sufficient  wholjj^to 
overcome  geotropism.        ,  "'  * 

42.  Direction  taken  by  secondary 
roots.  As  the  student  has  already 
noticed  in  the  seedlings  which  he 
has  studied,  the  branches  of  the 
primary  root  usually  make  a  con- 
siderable angle  with  it  (Fig.  2). 
Often  they  run  out  for  long  dis- 


Fio.  26.  Sprouting  peas  on 
rapidly  whirling  disk 


The  youngest  portions  of  the  roots    ,  ,  i.v'        .n         rm** 

all  point  directly  away  from  the  tances  almost  horizontally.    This  IS 
axis  about  which  they  were  re-  especially  common  in  the  roots  of 

vol ved.  — After  Detmer  r  ^  i  n  . 

forest  trees,  above  all  in  cone-bearmg 
trees,  such  as  pines  and  hemlocks  (Fig.  26).  This  horizontal, 
or  nearly  horizontal,  position  of  large  secondary  roots  is  the 


Fig.  26.    Roots  of  a  white  pine 

most  advantageous  arrangement  to  make  them  useful  in  stay- 
ing or  guying  the  stem  above  to  prevent  it  from  being  blown 
over  by  the  wind. 
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43.  Fitness  of  the  root  for  its  position  and  work.  The  dis- 
tribution of  material  in  the  woody  roots  of  trees  and  shrubs  and 
their  behaAior  in  the  soil  show  many  adaptations  to  the  condi- 
tions by  which  the  roots  are  surrounded.  The  growing  tip  of 
the  root,  as  it  pushes  its  way  through  the  soil,  is  exposed  to 
bruises ;  but  these  are  largely  warded  off  by  the  root  cap.  The 
tip  also  shows  a  remarkable  sensitiveness  to  contact  with  hard 
objects,  so  that  when  touched  by  one  it  swerves  aside  and  thus 
finds  its  way  downward  by  the  easiest  path.  Roots  with  an 
unequal  water  supply  on  either  side  grow  toward  the  moister 
soil ;  when  imequally  heated  they  grow  in  the  direction  of  the 
most  desirable  temperature,  and  they  usually  grow  away  from 
the  light.  Roots  are  very  tough,  because  they  need  to  resist 
strong  pulls,  but  not  as  stiff  as  stems  and  branches  of  ^the  same 
size,  because  they  do  not  need  to  withstand  sidewise  pressure, 
acting  from  one  side  only.  The  corky  layer  which  covers  the 
outsides  of  roots  is  remarkable  for  its  power  of  preventing  evapo- 
ration. It  must  be  of  use  in  retaining  in  the  root  the  moisture 
which  otherwise  must  be  lost  on  its  way  from  the  deeper  root- 
lets (which  are  buried  in  damp  soil),  through  the  upper  portions 
of  the  root  system,  about  which  the  soil  is  often  verj'  dry. 


CHAPTER  V 

SOME  PROPERTIES  OF   CELLS  AND   THEIR  FUNCTIONS  IN 

THE  ROOT  ,  ^-^-- 

44.  Definition  of  cell.  This  is  not  the  best^^eJbo^nsider 
the  nature  of  cells  in  much  detail  (see  Chapter  xvni) ;  but  some 
of  the  facts  learned  in  Chapter  iv  cannot  be  understood  with- 
out a  few  words  of  explanation  of  cell  structure  and  functions. 

Protoplasm  is  the  nitrogenous  living  substance  of  ""Which 
the  most  rapidly  growing  parts  of  plants  are  mainly  composed. 
The  activities  of  the  plant  are  due  to  the  peculiar  qualities  and 
powers  of  protoplasm.  A  cell  is  a  unit  of  protoplasm,  called 
a  protoplast.  The  protoplast  of  plants  is  usually  inclosed  in  a 
case  or  covering  whose  walls  {cell  walls)  are  composed  of  a  sub- 
stance known  as  cellulose.  Each  protoplast  usually  contains  a 
single  denser  protoplasmic  structure,  called  the  nucleus. 

In  form  and  size  cells  vary  greatly.  Those  of  the  root  hair 
(Fig.  23)  are  good  examples  of  the  slender,  thread-like  form; 
tliose  of  Fig.  27  well  illustrate  forms  commonly  assumed  when 
cells  are  pressed  upon  by  others  on  all  sides,  as  they  usually 
are  in  tlie  interior  portions  of  the  organs  of  higher  plants. 

45.  Growth  and  reproduction.  The  most  remarkable  property 
of  cells  is  their  power  of  growth  and  reproduction.  Growth 
results  not  only  from  an  increase  in  the  size  of  cells  but  also 
in  their  number  as  a  result  of  cell  division.  Tliis  is  the  separa- 
tion of  a  protoplast,  generally  into  two  independent  protoplasts 
or  daughter  cells,  and  is  the  fundamental  cause  of  all  growth 
and  development.  The  full-grown  seed  plant,  composed  of 
millions  of  cells,  arises  from  the  embryo  (with  perhaps  only  a 
few  thousand),  which  had  its  beginning  in  a  single  celL  Cell 
division  is  preceded  by  division  of  the  nucleus  (Fig.  170). 
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Beproduction,  or  the  formation  of  new  organisms  similar  to 
the  parents,  is  possible  only  for  protoplasm,  not  for  any  other 
known  substance. 

46.  Irritabil- 
ity. Another 
characteristic  of 
protoplasm  is  its 
irritability.  By 
this  is  meant  its 
power  of  re- 
sponding in 
some  way  to  an 
application  of 
energy  which 
s«^es  as  a  stim- 
ulus. A  famous 
plant  physiolo- 
gist^ has  illus- 
trated the  matter 
very  simply 
thus :  A  wound- 
up alarm  clock, 
which  is  not 
going,  is  given  a 
shake  (stimulus), 
which  starts  the 
clock,  and  after 
an  interval  of 
time  (latent 
period)  rings  the  alarm  (result).  The  sensitiveness  of  the  clock 
to  any  jar  which  sets  it  going  corresponds  to  the  irritability  of 
living  protoplasm.  This  extremely  delicate  resjxjnsiveness  may 
be  manifested  in  a  simple  cell  or  in  an  orj^an  or  entire  plant 
composed  of  multitudes  of  cells. 

*  Professor  W.  Pfeffer,  of  Leipzig,  Germany. 


Fig.  27.   Protoplasts  in  ovule  and  fruit  of  snowberry 
(Symphoricarpus  raceinosua) 

Ay  cells  from  ovule  (x  340) ;  /?,  cells  from  an  ovule  further 
developed  (x  340) ;  C,  D,  cells  from  pulp  of  fruit  (x  110) ; 
n,  nucleus;  p,  protoplasm;  *,  cell  sap.  — After  Prantl 

In  the  youn^  and  rapidly  growing  cells  A  and  li  the  cell 
sap  is  not  present,  or  present  only  in  small  quantities, 
while  in  the  older  cells  C  and  1)  it  occupies  a  large  iwr- 
tion  of  the  interior  of  the  cell 
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Some  of  the  most  important  stimuli  which  call  out  manifes- 
tations of  irritability  in  protoplasm  are  heat,  light,  electricity, 
gravity,  pressure  of  external  objects,  and  contact  with  substances 
which  act  chemically  on  the  protoplasm.  Many  instances  of 
irritability  will  come  up  in  later  chapters.  A  notable  example 
of  response  to  a  stimulus  is  the  beginning  of  gennination  in 
seeds  subjected  to  a  suitable  degree  of  heat  in  presence  of 
moisture. 

The  ways  in  which  the  responses  to  stimulation  may  show 
themselves  are  very  numerous,  and  the  same  individual  or  organ 
may  be  favorably  affected  by  a  certain  amount  of  a  given  stimu- 
lus anA  uJifavorably  by  a  greater  amount  of  the  same  stimulus. 
Every  one  has  had  the  experience  of  drawing  near  to  a  moder- 
ately heated  stove  in  cold  weather  and  then  retreating  from  it 
when  the  fire  grew  too  hot.  So,  too,  certain  microscopic  uni- 
cellular plants,  living  in  water,  move  toward  the  light  until  it 
reaches  a  certain  intensity,  but  when  that  intensity  is  passed, 
they  move  in  the  opjwsite  direction,  toward  the  dark. 

47.  Selective  absorption.  Another  extremely  important  power 
of  live  protojJasm  is  that  of  selective  absorption.  By  this  is 
meant  the  ability  to  take  up  from  liquids  or  gases  certain  sub- 
stances and  leave  unabsorbed  other  elements  or  compounds 
which  are  also  present. 

Thus  plants  of  two  different  species,  both  growing  in  the 
same  soil,  usually  take  from  it  very  various  amounts  or  kinds 
of  mineral  matter.  For  instance,  barley  plants  in  flower  and 
red  clover  plants  in  flower  contain  about  the  same  proportion 
of  mineral  matter  (left  as  ashes  after  burning).  But  the  clover 
contains  5^  times  as  much  lime  as  the  barley,  and  the  latter 
contains  about  1(S  times  as  much  silica  as  the  clover.  This  dif- 
ference nnist  be  due  to  the  selective  action  of  the  protoplasm 
in  the  absorbing'  cells  of  the  roots. 

48.  Osmosis.  The  process  by  which  two  liquids  of  different 
densities  separated  by  membranes  pass  through  the  latter  and 
mingle,  as  soil  water  does  with  the  liquid  contents  of  root  hairs, 
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is  called  osmosis.  It  is  readily  demonstrated  by  experiments 
with  thin  animal  or  vegetable  membranes.  For  instance,  when 
prunes,  raisins,  or  other  dried  fruit,  are  put  in  water  to  soak, 
water  penetrates  the  outer  skin  and  swells  the  seed  or  fruit, 
while  some  of  the  material  from  within  comes  out  through  the 
skin  and  flavors  or  discolors  the  water.  If  whole  cranberries, 
cherries,  or  plums  are  put  in- 
to boiling  sirup,  a  similar  ex- 
change takes  place,  but  in  this 
case  the  fruit  is  shriveled. 

A  still  better  experiment  is 
that  with  an  egg  from  which 
a  bit  of  the  shell  has  been 
chipped  away  at  the  bottom, 
arranged  as  shown  in  Fig.  28. 
Tlie  entrance  of  water  is  shown 
by  the  rise  of  some  of  the  con- 
tents of  the  egg  in  the  tube. 

49.  Inequality  of  osmotic 
exchange.  The  nature  of  the 
two  liquids  separated  by  any 
given  membrane  determines 
in  which  direction  the  greater 
flow  shall  take  place  unless 
what  would  naturally  be  the 
direction  of  flow  is  overruled 
by  the  selective  action  of  liv- 
ing protoplasm. 

If  one  of  the  liquids  is  pure  water  and  tlie  other  is  water 
containing  solid  substances  dissolved  in  it,  the  greater  flow  of 
hquid  will  be  away  from  the  pure  water  into  the  solution,  and 
the  stronger  or  denser  the  latter,  the  more  unequal  will  be  the 
flow.  This  principle  Is  well  illustrated  by  the  egg-osmosis 
experiment.  Another  important  principle  is  that  substances 
which  readily  crystallize  and  are  easily  soluble,  like  salt  or 


Fio.  28.   Egg  on  beaker  of  water, 
to  show  osmosis 

The  tube  is  cemented  to  the  eggshell,  into 
which  it  opens.  At  the  bottom  a  large 
piece  of  the  shell  has  been  chipped 
away,  leaving  the  thin  skin  which  lines 
the  egg  in  contact  with  the  water  in  the 
beaker 
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sugar,  pass  rapidly  through  membranes,  while  jelly-like  sub- 
stances, like  white  of  egg,  can  hardly  pass  through  them 
at  all. 

50.  Study  of  osmotic  action  of  living  protoplasm ;  plasmol- 
ysis.  The  obvious  parts  of  most  living  and  growing  plant  cells 
are  a  cell  wall,  which  is  a  skin  or  inclosure  made  of  cellulose,  and 
the  living,  active  cell  contents,  or  protoplasm  (Sec.  44).  Every 
one  is  familiar  with  cellulose  in  various  forms,  one  of  the  best 
examples  being  that  afforded  by  clean  cotton.  It  is  a  tough, 
white,  or  colorless  substance,  and  chemically  rather  inactive. 

Often,  in  living  cells, 
the  spaces  between 
strands  and  protoplas- 
mic lining  are  filled 
with  a  watery  liquid 
called  the  cell  sap. 

The  action  of  liviiig 
protoplasm  in  control- 
ling osmosis  is  well 
shown  by  the  process 
known  as  plasmolysis. 
If  thin-walled  cells 
with  liquid  or  semi- 
liquid  protoplasm, 
such  as  those  of  one 
of  the  pond  scums,  are 


.  — ;) 


Fio.  20.    Cells  from  root  of  Indican  corn 

Af  in  natunil  coiulition ;  />,  plasmolyzcd  in  T)  per 
cent  solution  of  potassium  nitrate:  ir,  cell  wall; 
p,  denser  p:irt  of  protoplasm;  s,  cell  sap.  Much 
magnilied.  —  After  PfefTer 


put  into  a  salt  solution,  tlie  cell  contents  will  shrink  away  from 
the  cell  wall  (Fig.  168,  B)  because  the  direction  of  flow,  toward 
the  denser  lic^uid,  draws  water  out  of  the  cell.  Repeating  the 
experiment  with  a  cell  which  has  been  killed  by  a  few  minutes' 
immersion  in  a  poisonous  solution  (e.g.  of  chromic  acid)  shows 
no  plasniolysis. 

So,  too,  slices  of  a  red  beet  impart  little  color  to  water  in  which 
they  are  placed,  but  after  the  cells  are  killed  by  boiling  the  color 
comes  out  freelv. 
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51,  Osmosis  in  root  hairs.  The  soil  water,  practically  identi- 
cal with  ordinary  spring  or  well  water,  is  separated  from  the 
more  or  less  sugary  or  mucilaginous  sap  mside  of  the  root  hairs 
only  by  their  delicate  cell  walls,  lined  with  a  thin  layer  of  pro- 
toplasm. This  soil  water  will  pass  rapidly  into  the  plant,  while 
very  little  of  the  sap  will  come  out.  The  selective  action, 
which  causes  the  flow  of  liquid  through  the  root  hairs  to  be 
almost  wholly  inward,  is  due  to  the  living  layer  of  protoplasm, 
which  covers  the  inner  surface  of  the  cell  wall  of  the  root  hair. 
Traveling  by  osmotic  action  from  cell  to  cell,  a  current  of  water 
derived  from  the  root  hairs  is  forced  up  through  the  roots  and 
into  the  stem,  somewhat  as  the  contents  of  the  egg  was  forced 
up  into  the  tube  shown  in  Fig.  28. 

But  there  is  this  important  difference  in  the  two  cases,  that 
while  the  process  in  the  tube  was  all  due  to  the  impulse  received 
at  the  start  from  the  egg  membrane,  in  the  plant  stem  the  origi- 
nal pressure  due  to  osmosis  in  the  root  hairs  may  be  affected  by 
osmosis  in  countless  thousands  of  cells  higher  up. 

52,  Behayior  of  roots  due  to  irritability.  In  Chapter  iv  a 
little  was  said  about  the  geotropism  of  roots,  their  tendency  to 
put  themselves  into  the  most  favorable  conditions  as  regards 
moisture,  heat,  and  light,  and  their  manner  of  avoiding  obstacles. 
All  these  actions  are  manifestations  of  irritability. 

The  subject  of  geotropism  of  roots  is  a  very  complicated  one, 
but  it  seems  pretty  certain  that  gravity  somehow  acts  as  a  stim- 
ulu3  on  the  sensitive  cells  of  the  root  tij)^  this  stimuhts  is  trans- 
mitted  to  the  cells  of  the  most  rapidly  growing  portion  of  the 
root  {a  little  farther  hack),  unequal  grotvth  of  the  upper  and 
under  cells  of  this  portion  follows^  and  so  the  root  is  bent,  if  its 
position  is  not  vertical  in  the  beginning. 

Moisture  and  heat  (in  the  case  of  Indian  corn  up  to  99.5°  F. 
or  37.5**  C.)  are  favorable  to  the  growth  of  roots,  and  so  as  stimuli 
produce  growth  toward  the  source  of  moisture  or  heat,  while 
light  is  usually  slightly  unfavorable  and  therefore  generally 
results  in  growth  of  the  root  toward  darkness. 


CHAPTER  VI 

STEMS 

53.  Nature  of  the  stem.  The  work  of  taking  in  the  raw 
materials  which  the  plant  makes  into  its  own  food  is  done 
mainly  by  the  roots  and  the  leaves.  These  raw  materials  are 
taken  from  earth,  from  water,  and  from  the 
air  (see  Chapter  xii).  The  stem  is  that  part  or 
organ  of  the  plant  wliich  serves  to  bring  roots 
and  leaves  into  communication  with  each 
other.  In  most  seed  plants  the  stem  also 
serves  the  important  purpose  of  lifting  the 
leaves  up  into  the  sunlight,  where  they  can 
best  do  their  sj^ecial  work. 

The  student  has  already,  in  Chapter  lu, 
learned  something  of  the  development  of  the 
stem  and  the  seedling ;  he  has  now  to  study 
the   external   and   internal  structure  of  the 
mature  stem.    Much  in  regard  to  this  struc- 
bsc      ture   can    be   learned   most  easily  from  the 
examination   of  twigs   and  branches  of   our 
common  forest  trees  in  their  winter  condition. 
Fig.  30.  A  quickly       ^^'  Position  of  leaf  buds.  The  winter  buds 
grown  twig  of   of  most  of  our  trees  and  shrubs  are  formed  at 
cherry    with   p^j^^g  ^j^  ^j^^  ^y,[fr  ;^g|^  abovc  the  oriffins  of 
lateral  and  termi-      ,      ,      «      „  ,  •     ^-     ^r^       *  -  , 

nal  buds  in  Oc-   ^1^^  leafstalks,  as  shown  m  Fig.  79.    After  the 

lober  fall  of  the  leaves  the  buds  by  their  positions 

b  sc,  bud-scale  scars,   indicate  where  the  leaves  were  formerly  at- 

All  above  those    ^      i      i      mi  i  j   •  •  i      i 

scars  is  the  growth   tached.    They  may  be  arranged  m  pairs,  a  bud 
of  the  spring  and   qu  one  side  of  the  stem  and  its  mate  exactly. 

summerofthe  ,  «  .,  , 

same  year  opposite,  or  they  may  form  a  spiral  aroiuia 
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the  stem,  as  shown  in  Fig.  30.  Since  every  leaf  bud  —  that  is, 
every  bud  which  contains  rudimentary  leaves  —  will,  if  success- 
ful, grow  into  a  branch,  the  position  of 
the  buds  is  most  important  in  deter- 
mining the  shape  of  the  tree. 

55.  Opposite  branching.  Trees  with 
opposite  leaves  and  buds  show  a  tend- 
ency to  form  twigs  in  four  rows  about 
at  right  angles  to  each  other  along  the 
sides  of  the  branch,  as  shown  in  Fig.  31. 
This  arrangement  will  not  usually 
be  perfectly  carried  out,  as  most  of  the 
buds  never  grow, 
since  they  are 
shaded  and  starved, 
or  some  may  grow 
much  faster  than 
others  and  so  make 
the  plan  of  branch- 
ing less  evident 
than  it  would  be  if  all  grew  alike. 

56.  Alternate  branching.    In  trees  like 

the  beech  the  twigs  will  be  found  to  be 

arranged  in  a  more  or  less  regular  spiral 

line  about  the  branch.    This,  which  is  known 

as  the  alterriate  arrangement  (Fig.  32),  is 

more  commonly  met  with  in  trees  and  shrubs 

than  the  opposite  arrangement.    It  admits  of 

many  varieties,  suice  the  spiral  may  wind 

more  or  less  rapidly  round  the  stem.    In  the 

Fig.  82.   Alternate   apjJe,  pear,  cherry,  poplar,  oak,  and  walnut, 

branching  in  a  very   ^^^^  passes  over  five  spaces  Ijefore  coming  to 

young  apple  tree         ^  ^^^^  ^j^.^j^  .^  ^^,^^  ^^^  ^^^^^  ^^^  ^^  ^^j,^^, 

this  it  is  necessary  to  make  two  complete  turns  around  the 
stem  (Fig.  100). 


Fkj.  31.  Opposite  branch- 
ing in  a  very  young  sap- 
ling of  ash 
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57.  Growth  of  the  terminal  bud.  In  some  trees  the  termi- 
nal bud  frnm  the  outset  keeps 
the  lead  and  produces  a  slen- 
der, upright  tree  (Fig.  33),  as 
in  the  pine§,  spruces,  and  firs. 

In  such  trees  as  the  apple 
and  many  oaks  the  terminal 
bud  has  no  preeminence  over 
othei's^  and  the  form  of  tlie 
tree  is  round-topped  and 
spreading  (Fig,  34).  Moii 
forest  trees  are  intermediate 
between  these  extremes. 

Branches  o%ve  their  char- 
acteristics to  several  factors. 
Most  of  our  trees  and  larger 
shrubs  make  a  definite  annual 
growth,  v(\\h  the  buds  ripened 
before  the  commg  of  winter 
(Fig,  79),  In  these  the  ter- 
minal bud  is  likely  t€  grow 
and  continue  the  branch. 
Such  i^brubs  and  trees  as  the 
raspberr}*  and  blackberry,  the 
sumach  and  the  ailanthus, 
make  an  mdefinite  annual 
growth,  that  is,  the  tips  of  the 
branches  are  usually  killed 
by  frost,  and  so  the  tree  forks 
often.  Terminal  flower  buds 
(Figs.  36,  37)  also  cause  fork- 
ing and  allow  the  tree  to  form 
no  long,  straight  liranches. 

If  the  terminal  buds  of 
branches  keep  the  lead  of  the 


FiiJi  as.    CiUifornia  giant    red wocMia 
(Sequoia),  illiisti*ating  uprjglit  growili 

After  J.  H.  Whito 


i  iu.  ^M.    An  Attiericftij  elm,  UlustraUiig  tspn-^adinggiuwUt 


ivm\  imes,  but  the  latter  are  niimerotis  and  most  of  those 
lich  sunive  grow  mto  slender  twigs,  the  dLdicate  spray  of 

clin  and  many  larches  is  produced  (Fig*  38). 
The  genenil  effect  of  the  bmnehin^'  t!p|:K?i)da  much  uikjii  the 
|le  which  each  bmoch  or  twig  foniis  with  that  one  from  whieb 
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it  springs.  The  angle  may  be  quite  acute,  as  in  the  birch 
(Fig.  38) ;  or  more  ne&rly  a  right  angle,  as  in  the  ash  (Fig.  31). 
The  inclination  of  lateral  branches  is  due  to  geotropism,  just 
as  is  that  of  the  branches  of  primary  roots.  The  vertically 
upward  direction  of  the  shoot  which  grows  from  the  terminal 
bud  is  also  due  to  geotropism,  which,  however,  in  the  shoot,  is 
exactly  opposite  to  that  in  the  root. 

This  is  really  only  a  brief  way  of  saying  that  the  growing  tip 
of  the  main  stem  of  the  tree,  or  of  any  branch,  is  made  to  take 
and  keep  its  proper  direc- 
tion, whether  vertically 
upward  or  at  whatever 
angle  is  desirable  for  the 
tree,  by  the  steering  action 
of  gravity.  After  growth 
has  ceased  this  steering 
action  can  no  longer  be 
exerted,  and  so  a  tree 
that  has  l)een  bent  over 
—  as,  for  instance,  by  a 
heavy  load  of  snow  — 
cannot  right  itself  unless 
it    is    elastic    enough    to 

spring  back  when  the  load  is  renu»ved.  The  lip  of 
the  trunk  and  of  each  brantli  can  grow  niul  thus 
become  vertical  but  the  old  wood  cannot  do  so. 

58.  Thorns  as  branches.  In  many  trees  some 
branches  show  a  tendency  to  remain  dwarfish 
and  incompletely  developed.  Surh  inii>erfect 
branches  may  form  thorns,  as  in  the  familiar  wild 
cralKipple  trees  and  in  the  pear  trees  which  occur  in  old  pas- 
tures in  the  northeastern  states.  In  the  honey  locust  very  for- 
midable branching  thorns  spring  from  adventitious  or  dormant 
buds  on  the  trunk  or  limbs.  They  sometimes  show  their  true 
nature  as  branches  by  bearing  leaves  (Fig.  35). 


thiini  of  luiiiey  Ui<niM 
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59.  Trees,  shrubs,  and  herbs.  Plants  of  the  largest  size,  with 
a  main  trunk  of  a  woody  structure,  are  called  trees.  Shrubs 
differ  from  trees  in  their  smaller  size,  and  generally  in  having 
several  stems  wliich  proceed  from  the  gi-ound  or  near  it,  or  in 
having  much-forked  stems.    The  witch-hazel,  the  dogwoods,  and 


Fig.  80.  Tip  of  a  branch  of  magnolia,  illustrating  forking  clue  to 
terminal  flower  buds 

At  oldest  flower-bud  scar;  /i,  (\  />,  scanj  of  successive  seasons  after  A\  L,  leaf 
buds ;  I\  flower  buds 

the  alders,  for  instance,  are  most  of  them  classed  as  shrubs  for 
this  reason,  though  in  height  some  of  them  ec^ual  the  smaller 
trees.  Some  of  the  smallest  shrubby  i)lants,  like  the  dwarf  blue- 
berry, the  wintergreen,  and  the  trailing  arbutus,  are  only  a  few 
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inches  in  height,  but  are  ranked  as  shrubs  because  their  woody 
stems  do  not  die  to  the  ground  in  winter. 

Herbs  are  plants  whose  stems  above  ground  die  every  winter. 

60.  Annual,  biennial, 
and  perennial  plants. 
Annual  plants  are  those 
which  live  but  one  year, 
biennials  those  which 
live  two  years  or  nearly  so. 

Some  winter  annuals 
do  not  flower  until 
their  second  summer. 
This  is  true  of  the  even- 
ing primrose  and  the 
fringed  gentian,  and  of  winter  wheat  and  rye 
among  cultivated  plants. 

Perennial  2>l((^iits  live  for  a  series  of  years.  Many  kinds  of 
trees  last  for  centuries.  Tlie  California  giant  redwoods,  or 
Sequoias  (Fig.  33),  which  reach  a  height  of  over  300  feet  under 


Fig.  87.  A  portion  of  a 
branch  of  Fig.  36 

Natural  size 


K 


^t^:^.-H" 


Vu).  38.   Twigs  and 

branches  of  the 

birch 


favorable  circumstances,  live  nearly  2000  years;  and  some 
enormous  cypress  trees  found  in  ilexico  were  thought  by  Pro- 
fessor Asa  Grav  to  be  from  4000  to  5000  years  old. 
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61.  Climbing  and  twining  sterns.^  Since  it  is  essential  to  the 
health  and  rapid  growth  of  most  plants  that  they  should  have 
free  access  to  the  sun  and  air,  it  is  not  strange  that  many  should 
resort  to  special  devices  for  lifting  themselves  above  their  neigh- 
bors. In  tropical  forests,  where  the  darkness  of  the  shade  any- 
where beneath  the  tree  tops  is  so  great  that  few  flowering 
plants  can  thrive  in  it,  the  climbing  plants,  or  liaiias  (Fig.  39), 
often  run  like  great  cables  for  hundreds  of  feet  before  they  can 
emerge  into  the  sunshine  above.  In  temperate  climates  no  such 
remarkable  climbers  are  foynd,  but  many  plants  raise  themselves 
for  considerable  distances.    The  principal  means  by  which  they 

accomplish  tliis  result  are : 

1.  Producing  roots  at  many  points 
along  the  stem  above  ground  and 
climbing  on  suitable  objects  by  means 
of  these,  as  in  the  English  ivy  (Fig.  14). 

2.  Laying  hold  of  objects  by  means 
of  tendrils  or  twining  branches  or  Uaf- 
sialksy  as  shown  in  Figs.  40  and  41. 

3.  Twining  about  any  slender  up- 
right support,  as  shown  in  Fig.  42.- 

4.  Clambering  upon  bushes  and 
>  ^,^«^^'-sf-^  [^  ^  other  su[)ports  by  means  of  hooked 
V^-^^/'-mk^  ^"fe^-      prickles,  as  is  done  by  some  roses, 

blackberries,  and  cleavers  (Galium). 

62.  Tendril  climbers.    The  plants 

which. climb  by  means  of  tendrils  are 

Coiling  of  a  tendril   important  subjects  for  study.    Con- 

of  bryony  tinned  observation  soon  shows  that 

the  tips  of  tendrils  sweep  slowly  about 

in  a  circular  or  oval  course  until  they  come  in  contact  with  some 

object  around  which  they  can  coil.    After  the  tendril  has  taken 

a  few  turns  about  its  support,  the  free  part  of  the  tendril  coils 

into  a  spiral  and  thus  draws  the  whole  stem  toward  the  point 

1  See  Kerner  and  Oliver,  Natural  Ilistory  of  Plants^  Vol.  I,  p.  609. 


Fig.  40. 
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of  attacliment,  as  shown  in  Fig.  40.  Some  tendrils  are  modified 
leaves  or  stipules,  as  shown  in  Fig.  98  ;  others  are  modified  stems. 
63.  Irritability  of  tendrils.  The  coiling  of  tendrils  is  due 
to  their  irritability,  aroused  by  the  stimulus  of  contact  with  a 
solid  object.  After  a  latent  period,  varying  with  different  species 
from  a  few  seconds  to  more  than  an  hour,  the  bendmg  begins. 
It  is  caused  either  by  contraction  of  the  side  in  contact  or  by 
expansion  of  the  opposite  side ;  the  exact  mechanism  of  the 
process  is  not  yet  fully  under- 
stood. The  tendrils  of  the  passion- 
flower plant  will  respond  to  the 


Fi<i.  41.    Coiling  of  jKHiole  of  dwarf 
nasturtium  (Tropceolum) 


Fio.  42.  Twining  8tt*m  of  hop 
After  Decaisiie 


])res8ui-e  of  a  bit  of  thread,  hung  on  the  tendril  and  kept  in 
motion,  whose  weight  is  only  a  few  millionths  of  a  grain. 

64.  Twiners.  Only  a  few  of  tlie  upjxjr  internoiles  of  tlie  stem 
of  a  twiner  are  concerned  in  producing  the  movements  of  the 
tip  of  the  stem.  This  is  kept  i-evolving  in  an  ellii)tical  or  cir- 
cular jmth  until  it  encounters  some  roughish  and  not  too  stout 
object,  alx)ut  which  it  then  proceeds  to  coil  itself. 

The  movements  of  the  younger  internodes  of  tlie  stems  of 
twiners  are  among  the  most  extensive  of  all  the  movements 
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made  by  plants.  A  hop  vine  which  has  climbed  to  the  top  of 
its  stake  may  sweep  its  tip  continually  around  the  circumfer- 
ence of  a  circle  two  feet  in  diameter,  and  the  common  wax 
j)lant  {Iloijn)  of  the  greenhouses  sometimes  describes  a  five- foot 
circle,  the  tip  moving  at  the  rate  of  thiity-two  inches  per  liour.^ 

Tliis  circular  motion  is 
produced  by  unequal 
growth  of  the  two  sides 
of  the  stem.2 

The  direction  in 
which  twiners  coil 
about  a  supporting  ob- 
ject is  almost  always 
the  same  for  each  spe- 
cies of  plant,  but  not 
the  same  for  all  species. 
In  the  hop  it  is  as  shown 
in  Fig.  42,  but  in  many 
plants  the  movement  is 
in  the  revei-se  direction. 
65.  Short-stemmed 
plants.  As  will  be 
shown  later  (Chapter 
xxxiv),  plants  live  sul)- 
wv  lv»  i\  \i'rv  lit'i't't'  cuiupeliiiiMi  among  themselves,  and  they  are 
sAisv^^^l  l^*  almost  constant  atlarks  from  animals. 

Whilo  i^huils  with  lon<,'  stt'ins  lind  it  to  their  advantage  to 

*aW^  u\^  i^**  fj^''  ''"^  possible  into  tlie  sunlight,  the  dandelion,  the 

»o.\o\w(v^\l.  iho  whiti'  clovt'r,  some  spurges,  the  knotgrass,  and 

K*\n»bH\\»  of  olher  sjM'cies,  living  in  open   places,  have  found 

^*<i>i\  in  huc^ing  the  ground.    The  dandelion,  fall  dandelion, 

•  N«  witMi'  on  "rUmlnni;  riuiits,**  hy  Dr.  W.  J.  Tkal,  in  i\\Q  American 

-  ^>ll  MwA»v..»Vfr,  N"ll,  Schenk,  luul  ScliimiKT,  Text-Book  of  Botany, 
V\i  >".  «»^  N«t*  yvfk,  1008. 


tu.    I'i     riuMl;m«l('li<m.  a  slinrt-strmiiuHl  j)laiit 
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shepherd's  purse,  and  the  like,  with  radiating  leaves,  are  known 
as  rosette  plants,  while  those  with  radiating  stems,  like  knotgrass. 


Fig.  44.   Hootstock  of  cotton  grass  (Eriophorum) 

the  clovers,  and  black  mcdick(J/^^Z«VY///o), are  known  as  matjyhmts. 

Any  plant  which  can  grow  in  safety  under  tlie  very  feet  of 

grazing  animals  will  be  especially  likely  to  make  its  way  in 
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the  world,  since  there  are  many  places  where  it  can  flourish 
wliile  ordinary  plants  would  be  destroyed.  The  bitter  dandelion, 
which  is  almost  uneatable  for  most  animals  on  account  of  its 
taste,  wliich  lies  too  near  the  earth  to  be  fed  upon  by  grazing 
animals,  and  wliich  bears  being  trodden  on  with  impunity,  is  a 
type  of  a  large  class  of  hardy  weeds. 

The  plants  incorrectly  called  "stemless,"  like  the  dandelion 
(Fig.  43)  and  some  violets,  are  not  really  stemless,  but  send  out 


Fk;.  4i>.   KooUstock  of 
calad  ium  ( Colocasia) 

by  terminal  bud;  b\  Imds 
arranjjted  in  circles  where 
bases  of  leaves  were  at- 
tached; .s,  scars  left  by 
sheathing  bases  of  leaves 


Fi<;.  47.   Part  of  a  potato  plant 

The  dark  tuber  in  the  middle  is  the  one  from  which 
the  plant  has  grown 


their  leaves  and  flowers  from  a  very  short  stem  which  hardly 
rises  from  the  surface  of  tlie  ground. 

66.  Underground  stems.  Stems  which  lie  mainly  or  wholly 
underground  are  of  frequent  occurrence  and  of  many  kinds. 
Some  of  the  simplest  kinds  are  called  rootstorks.  Familiar  ex- 
amples are  those  of  some  mints,  of  bloodroot,  of  Solomon's  seal, 
and  of  many  grasses,  sedges,  and  ferns.  The  i-eal  nature  of  the 
creeping  underground  stem  is  frequently  shown  by  the  pres- 
ence upon  its  surface  of  many  scales,  which  are  reduced  leaves. 
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Rootstoeks  of  this  sort  often  extend  horizontally  for  long  dis- 
tances in  the  case  of  grasses  like  the  sea  rje  grass  (Plate  I), 

which  roots  itself  firmly  and 
thrives  in  shifting  sand  dunes. 
In  the  stouter  rootstoeks,  like 
that  of  the  iris  (Fig.  45)  and 
the  caladium  (Fig.  46),  this 
stem-like  character  is  less  evi- 
dent. The  potato  is  an  excel- 
lent example  of  the  short  and 
much-thickened  underground 
stem  known 
as  a  tuher. 

It  may  be 
seen   from 


Fio.  48.  Bulb  of  hyacinth 

Exterior  view,  and  split  leDgthwise.  — 
After  Faguet 


Fig.  47  that 
the  iX)tatoes  are  none  of  them  bonie  on  true 
roots,  but  only  on  subterranean  branches, 
which  are  stouter  and  more  cylindrical  than 
most  of  the  roots.  Tlie  "  eyes  "  of  the  potato 
are  rudimentary  leaves  and  buda 

Bulbs,  whether  coated  like  those  of  the 
onion  or  the  hyacinth  (Fig.  48),  or  scaly  like 
those  of  the  lily,  are  merely  ver}'  short  and 
stout  underground  stems,  covered  with  closely 
crowded  scales  or  layers  which  represent  *'i''  ^a  Lon^Mtudi 
leaves  or  the  bases  of  leaves  (Fig.  49). 

The  variously  modified  forms  of  under- 
ground stems  just  discussed  illustrate  in  a 
marked  way  the  storage  of  nourishment  during 
the  winter,  or  the  rainless  season,  as  the  case 
may  be,  to  provide  the  material  for  rapid 
growth  during  the  active  seas^^n.  It  is  inter- 
esting to  notice  that  a  majority  of  the  early  flowering  herlis 
in  temperate  climates,  like  the  crocus,  the  snowdrop,  the  spring 


9ca 


iial  Hectioii  of  an 
onion  leaf 

jjca,  thickencl  base  of 
l«raf,  fomiiii^  a  liulb 
84'ale :  n,  thin  Hheath 
of  loaf:  hi,  blaiieof 
the  leaf :  t'/t^  hollow 
interior  of  bla'ie.  — 
After  Sachs 
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beauty,  the  tulip,  and  the  skunk  cabbage,  owe  their  early  bl 
kig  habit  ta  richly  stoi*eti  luidergraund  stems  of  some  kin' 
to  thick  fleshy  roots.  Many  of  these  very  early  blooming  plants 
are  woodland  species  which  must  hurry  through  most  of  the 
seaaou*s  growth  and  begin  to  mature  seed  before  the  shade  of 
the  trees  above  them  cuts  off  most  of  the  necessary  supply 
of  light  and  before  the  drought  of  summer  begins. 

67.  Condensed  stems.    The  plants  of  desert  regions  require, 
above  allj  protection  from  the  extreme  diyness  of  the  surrouod- 


.J^ 


^^         ^>: 


'€^1 


^a  ^ 


^J!^ 


Fig.  GO.    A  globular  cactua 

ing  air,  and  usually  from  the  excessive  heat  of  the  sun.  Ac- 
cordingly, many  desert  plants  are  found  quite  destitute  of  ordi- 
nary fohage,  exposing  to  tlie  inr  only  a  small  surface.  In  the 
globular  cactuses  (Fig.  50)  the  stem  appears  reduced  to  the 
shape  in  which  the  least  posRible  surface  is  presented  by  a  plant 
of  given  bulk, --that  is,  in  a  somewhat  spherical  form.    Other  ^ 
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cactuses  are  cylindrical  or  piismatic,  while  still  others  consist 
of  flattened  joints ;  but  all  agree  in  offering  much  less  area  to 
the  sun  and  air  than  is  exposed  by  an  ordinary  leafy  plant. 

68.  Leaf-like  stems.  The  flattened  stems  of  some  kinds  of 
cactus,  especially  the  common  showy  Phyllocactus,  are  suffi- 
ciently like  fleshy  leaves,  with  their  dark  green  color  and  imita- 
tion of  a  midrib,  to  pass  for  leaves.  There  are,  however,  a  good 
many  cases  in  which  the  stem  takes  on  a  more  strikingly  leaf- 
like form.  The  common  asparagus  sends  up  in  spring  shoots 
that  bear  large  scales  which  are  really  reduced  leaves.    Later  in 


Fig.  51.   A  spray  of  a  common  asparagus  (i)at  the  edible  species) 


the  season,  what  seem  like  thread-like  leaves  cover  the  much- 
branched  mature  plant,  but  these  green  threads  are  actually 
minute  branches,  wliich  perform  the  work  of  leaves  (Fig.  51). 
Tlie  familiar  greenhouse  climber,  wrongly  known  as  smilax, 
properly  called  Myrsiphylhim,  bears  a  profusion  of  what  ai> 
pear  to  be  delicate  green  leaves  (Fig.  52).  Close  study,  how- 
ever, shows  that  these  are  really  short  flattened  branches,  and 
that  each  little  branch  springs  from  the  axil  of  a  true  leaf,  /,  in 
the  form  of  a  minute  scale.  Sometimes  a  flower  and  a  leaf-like 
branch  spring  from  the  axil  of  the  same  scale. 
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Branches  which,  like  those  of  Myrsiphylluniy  so  closely  re- 
semble leaves  as  to  be  almost  indistinguishable  from  them  are 
called  cladophylls,  meaning  branch  leaves. 

69.  The  range  of  modification  of  the  stem.  The  stem  may 
reach  a  length  of  many  hundred  feet,  as  in  the  tallest  trees,  in 
the  great  lianas  of  South  American  forests,  or  in  the  rattan  of 
Indian  jungles.  On  the  other  hand,  in  such  plants  as  the  prim- 
rose and  the  dandelion  the  stem  may  be  reduced  to  a  fraction 


Fio.  62.   Stem  of  Myrsiphyllum 

ly  scale-like  leaves;  clj  cladophyll,  or  leaf-like  branch,  ^ruwin^  in  the  axil  of  the 
leaf;  ped,  flower  stalk,  growing  in  the  axil  of  a  leaf 


of  an  inch  in  length.  It  may  take  on  apparently  root-like  forms, 
as  in  many  grasses  and  sedges,  or  become  thickened  by  under- 
ground storage  of  starch  and  other  plant  food,  as  in  the  iris,  the 
potato,  and  the  crocus.  Condensed  forms  of  stem  may  exist 
above  ground,  or,  on  the  other  hand,  branches  may  be  flat  and 
thin  enough  closely  to  imitate  leaves.  In  short,  the  stem  mani- 
fests great  readiness  in  adapting  itself  to  the  most  varied  con- 
ditions of  existence. 


70*  External  characters,  Tlie  mast  familiar  of  the  larger 
imiicotyledoiious  plants  art*  tlie  gmss-like  niies,  sueh  as  Indian 
irn,  broom  com,  and  bamlHio,  tliegtet^n  briei-^  (Smilax),  and  the 
The  stem 


Indian  com  con- 

bists  vf  a  series  of 

^ruooth,    slightly 

apering  inteniodes 

connected    by    en- 

>ir^*il  tunle.s.   ruhii 

t?ms  oft<iii  havu  a 


rery   uneven  sur- 
to    tlie 
IR  remains 
uf  oM  leafstalks 
|Fig.  53). 

71.  IflterEEl 
^  I  r  u  c  t  n  r  e.  A 
tiHs  jie^tiow  of  ji 
oni    Rtenj    slmwa 

II  bnnl,  flinty 
\ind,  iiiclosuig  a 
ivy  soft  iiith.  which  is  travepHed  lengthwise  by  ninny  slender 
fliers  (Fig,  54).  The  til^etB  are  arran^etl  in  a  somewhut  di^linite 
ray^the  smaller  uuen  thickly  clustered  near  the  rind,  the  krger 
,  leas  abumlaiiti  tiiwanl  the  eenter. 
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¥tu.  ^.    Urtjiiti  of  diito  psdn 
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Fig.  64.  Diagrammatic  cross  section 
of  stem  of  Indian  corn 

cVt  fibro-vascular  bundles;  gc^  pithy 
material  between  bundles. —  After 
Strasburger 


In  the  bamboo,  as  in  the  cane 
of  our  southern  canebrakes,  the 
interior  is  hollow,  with  a  hard, 
transverse  partition  at  each 
node. 

The  fibers  which  traverse  the 
pith  of  the  corn  stem  are  not 
solid  cylinders,  but  are  built 
up  of  cells  of  several  kinds, 
around  and  between  tubes, 
somewhat  like  those  of  Fig.  62. 
The  whole  structure  is  known 
as  difihrO'Vascular  bundle  ;  that 
is,  a  bundle  of  fibers  and  ves- 
sels, or  tubes.  In  woody  stems, 
such  as  those  of  the  bamboo 
or  palm,  the  bundles  are  closer 

together  and  much  harder  than  in  the  corn  stem.    The  outer 

rind  of  the  latter  is  composed  of  long,  thick-walled,  slender 

cells,  containing  much  silica  and  known  as  sclerencliyma  fibers. 
72.  Mechanical  function  of  the  manner 

of  distribution  of  material  in  monocoty- 

ledonous  stems.    The  well-known  strength 

and  lightness  of  the  straw  of  our  smaller 

grains  and  of  rods  of  cane  or  bamboo  are 

due  to  their  form.    It  can  readily  be  shown 

by  experiment  that  an  iron  or  steel  tube  of 

moderate  thickness,  like  a  piece  of  gas  pipe 

or  of  bicycle  tubing,  is  much  stiflfer  than  a 

solid  rod  of  the  same  weight  per  foot.    The 

oat  straw,  the  stems  of  bulrushes,  the  cane 

of  our  southern  canebrakes,  and  the  bam- 
boo are  hollow  cylinders ;  the  cornstalk  is 

a  solid  cylinder,  but  filled  with  a  very  light  pith.    The  flinty  outer 

layer  of  the  stalk,  together  with  the  closely  packed  sclerenchyraa 


Fig.  55.  Diagrammatic 
cross  section  of  stem 
of  bulrush  (Scirpwi\  a 
hollow  cylinder  with 
strengthening  fibers 
After  Kemer 
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fibers  of  the  outer  rind  and  the  frequent  fibro-vascular  bundles 
just  withm  this,  are  arranged  in  the  best  way  to  secure  stiffness. 
In  a  general  way,  then,  we  may  say  that  the  pith,  the  bundles, 
and  the  sclerenchymatous  rmd  are  what  they  are  and  where 
they  are  to  serve  important  mechanical  purposes.  But  they  have 
other  uses  fully  as  important  (see  Chapter  viri). 

73.  Growth  of  monocotyledonous  steins  in  thickness.  In 
most  woody  monocotyledonous  stems,  for  a  reason  which  will 
be  explained  later  in  this  chapter,  the  increase  in  thickness  is 
strictly  limited.  Such  stems,  therefore,  as  in  many  palms  and 
in  rattans,  are  less  conical  and  more  cylindrical  than  the  trunks 
of  ordinary  trees,  and  are  also  more  slender  in  proportion  to 
their  height. 

STEM  OF  DICOTYLEDONOUS  PLANTS 

74.  External  characters.  It  is  not  easy  to  make  any  gen- 
eral statements  about  the  external  characters  of  dicotyledonous 
stems,  on  account  of  their  very  great  variety  of  form.  The  stu- 
dent in  his  examination  of  twigs  in  connection  with  Chapter  vi 
has  learned  a  little  about  the  appearance  of  a  few  woody  stems. 
In  general,  the  nodes  are  much  less  marked  than  in  stems  of 
com,  bamboo,  and  other  grass-like  forms.  In  the  case  of  decid- 
uous-leaved dicotyledonous  plants,  the  scars  left  by  fallen  leaves 
are  characteristic,  quite  unlike  those  mentioned  in  Sec.  70. 

75.  Internal  structure.^  If  one  begins  his  study  of  the  struc- 
ture of  dicotyledonous  stems  with  the  one-year-old  stem  of  a 
w(X)dy  plant  or  with  the  stem  of  some  such  robust  annual  as 
hemp,  sunflower,  or  the  great  ragweed,  he  will  find  it  to  be  com- 
jKJsed  of  a  somewhat  cylindrical  pith,  surrounded  by  a  layer 
of  wood  usually  of  pretty  even  thickness,  which  is  in  its  turn 
surrounded  by  a  layer  of  bark  (Fig.  56).^ 

1  For  an  account  of  the  stnicture  of  the  pine  stem,  see  Sec.  362. 

2  Of  course  these  layers  are  nearly  cylindrical  tubes,  filled  by  pith  or  by 
wood  and  pith  respectively.  They  are  not  of  perfectly  circular  cross  section, 
and  they  taper  somewhat. 


Fio.  eo.  Part  of  cross  section  of  stem  of  flax 

lermis;  6,  hard  bast;  »,  sieve  cells;  w,  wood.    Much  magnified  —  Aft*»r 
Tschirch  '        "^^ 


i)iagrainniatic  cross  section  of  one-year-old  Aristolochia  stem 

pidermis;  b,  hard-bast  fibers;  o,  outer  or  bark  part  of  a  bundle;  w, 
kvoody  part  of  bundle;  c,  cambium  layer;  p,  region  of  pith;  m,  a' 
'  ray.      Considerably  maguifietl 

etwecn  the  bard  bast  and  the  bundles  is  occupied  by  thin-walled 
;  cubical  cells  of  the  bark  i 

iclosing  bark  is  ii()tal)ly  different  from  the  way  in 
3  buiulle.s  are  scattered  in  nionocotyledonous  stems. 

and  tbe  following  fii^iire  the  relative  prominence  of  the  cambium 

u)d  (leal  exau'gerated. 
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76.  Disposition  of  material  for  strengthening  purposes.  Only 

two  of  the  many  ways  in  which  the  stem  is  strengthened  need 

be  mentioned  here.    In  a  majority  of  cases  it  owes  its  stiffness 

mainly  to  the  wood,  as  shown  in  Fig.  56.    But  not  infrequently 

ft 


Fig.  68  Fic  04 

Fio.  68.   Part  of  a  sieve  tube  f  rum  linden 
«,  sieve  plates  on  the  cell  wall,   x  about  IKX).  —  After  Thome' 

Fig.  64.   Parts  of  sieve  tubes  a-s  found  in  plants  of  the  gourd  family 

«j«,  a  sieve  plate  seen  edgewise;  above  it  a  similar  one,  surface  view.   Greatly 
magnified.  —  After  Thome' 

most  of  the  stiffening  material  consists  of  the  hard-hast  fibers 
found  in  the  bark.  It  is  this  layer  in  flax  (Fig.  60)  which  is 
utilized  in  the  manufacture  of  linen  thread  and  linen  fabrics. 
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77.  Structural  units  of  the  dicotyledonous  stem.  The  stu- 
dent should  already,  from  liis  own  examinations,  have  learned 
a  good  deal  about  the  kinds  of  cells  and  cell  aggregates  which 
compose  the  stem.  The  preceding  figures  (Figs.  56—60)  will  serve 
to  illustrate  the  most  important  of  these,  and  Figs.  61-64  show 
some  of  them  more  in  detail. 

78.  Parenchyma,  prosenchyma,  and  coUenchyma.  A  mass 
of  similar  cooperating  cells  is  called  a  tissue}  Two  of  the  prin- 
cipal classes  not  previously  mentioned  wliich  occur  in  the  stem 
are  jparenchymatous  tissue  and  j)^oseruliymatous  tissue.  Paren- 
chyma is  well  illustrated  by  the  green  layer  of  the  bark,  by 
w^ood  parenchyma,  and  by  pith.  Its  cells  are  usually  somewhat 
roundish  or  cubical,  at  any  rate  not  many  times  longer  than 
wide,  and  at  first  rather  full  of  protoplasm.  Their  walls  are 
not   generally  very  thick.    Frosenchyvia,  illustrated   by  hard 

bast  and  masses  of  wood  cells,  consists  of 
thick- walled  cells  many  times  longer  than 
wide,  containing  little  protoplasm  and  often 
having  little  or  no  cell  cavity. 

As  a  rule  the  stems  of  the  most  higldy 
developed  plants  owe  their  toughness  and 
their  stiffness  mainly  to  prosenchymatous 
tissue.  In  some  stems,  particularly  the 
fleshy  ones,  the  stiffness  is,  however,  largely 
Fig.  05.  Colleiicliyma-  due  to  coUetu'liymay  a  kind  of  parenchyma 
tons  and  other  tLssue  ^^^  ^^.^iiQli  the  cells  are  tliickened  or  reen- 

from  stem  of  balsam    „  .  .     .  _  ,  .     -r..      /,f. 

(Impatiens)  forced  at  their  angles,  as  shown  m  Fig.  65. 

e,  epi.imi.is;   c,  coiien-       79.  The  early  hlstory  of  thc  stcm.   In 

ciiyina;  /,  intercellular  ^hc  earliest  stagcs  of  the  growth  of  the 

spaces    between     larjjce  .  .  •      i  i.     .1  •  ii     i 

paienehyma  cells.—   Stem  it    ccmsists  entirely  of   thin-walled 
After  strasbnr-er  r^^^^\  rapidly  dividing  cells.    Soon,  however, 

the  various  kinds  of  tissue  wliich  are  found  in  the  full-grown 

stem  begin  to  appear. 

1  See  Strasburger,  Noll,  Scbenek,  and  Schimper, - Tcxt-JBoofc  of  Botany^ 
pp.  1)2-9.'),  2.1  ed.,  Loudon,  11M)3. 
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In  Fig.  66  the  process  is  shown  as  it  occurs  in  the  castor 
bean.  At  m,  in  B,  is  the  central  column  of  pith  surrounded 
by  eight  fibro-vascular  bundles,  fv,  each  of  which  contains  a 
number  of  vessels  arranged  in  a  somewhat  regular  manner  and 
surrounded  by  the  forerunners  of  the 
true  wood  cells. 

In  C  the  section  shows  a  consider- 
able advance  in  growth:  the  fibro- 
vascular  bundles  are  larger  and  are 
now  connected  by  a  rapidly  growing 
layer  of  tissue  c. 

As  growth  continues,  this  layer 
becomes  the  cambhivt  layer,  com- 
posed of  thin-walled  and  rapidly 
dividing  cells,  as  shown  in  Figs. 
67  and  68. 

80,  Secondary  growth.  From  the 
inside  of  the  cambium  layer  tlie  wood 
cells  and  ducts  of  the  mature  stem 
are  produced,  while  from  its  outer 
circumference  the  new  layers  of  the 
bark  proceed.  From  this  mode  of  in- 
crease the  stems  of.  dicotyledonous 
plants  are  called  exogenous,  that  is, 
outside  growing.  Tlie  presence  of  the 
cambium  layer  on  the  outside  of  the 
w(X)d  in  early  spring  is  a  fact  well 
known  to  the  schoolboy  who  pounds 
the  cylinder  cut  from  an  alder,  willow, 
or  hickory  branch  until  the  bark  will 
slip  off  and  so  enable  him  to  make  a  whistle.  The  sweet  taste 
of  this  pulpy  layer,  as  found  in  the  white  ])ine,  the  slippery  elm, 
and  the  basswood,  is  a  familiar  evidence  of  the  nourishment 
which  the  cambium  layer  contains.  It  is  also,  as  might  \ye 
supposed,  very  rich  in  proteids. 


Fk;.  0(5.  Transverse  section 
through  the  hypocotyl  of 
the  castor-oil  plant  at  vari- 
ous SUlgCii 

Af  after  the  root  has  just  ap- 
pearwl  outside  the  testa  of  the 
seed;  //,  after  the  hypocotyl 
is  nearly  an  ineh  lonj;;  C\  at 
the  end  of  germination ;  r, 
cortex  (undeveloiH»d  hark) ; 
m,  pith:  st,  medullary  rays; 
/r,  tihro-vastMilar  hundles; 
c,  layer  of  tissue  whieh  is  to 
develop  into  cainhium.  Con- 
sidemhly  magnified.—  After 
Sachs 
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With  the  increase  of  the  libro-vascular  bundles  of  the  wood, 
the  space  between  them,  at  first  large,  becomes  less,  and  tlie 
pith,  which  extended  fi^^ely  out  toward  the  bark,  becomes  eom* 
pressed  into  thin  plates  so  as  to  form  medullaiy  rays. 

These  are,  as  ah^eady  ^staled,  of  value  in  storing  the  food  which 
the  plant  in  cold  and  tiMii|)Hrate  cdiiiiates  lays  up  in  the  sum- 
mer and  fall  for  use  m  the 
following  spiing,  tiud  in 
the  verj^  young  stem  they 
serv^e  as  an  important 
channel  for  the  transfer- 
ence of  fluids  across  the 
stem  from  bark  to  pith,  or 
in  the  reverse  direction- 
On  account^  perhaps,  of 
their  importance  to  the 
plants,  the  ceUs  of  the 
medullary  rays  ai^  among 
the  longest  Hved  of  all 
vegetable  celk,  retaining 
their  vitality  in  the  beech 
tree  sometimes,  it  is  said, 
for  more  than  a  hunilred 
years. 

After  the  hiterspaees  be- 
tween tbe  first  fihrovaBcu- 
lar  bundles  have  become 
filled  up  with  wood,  the  subsequent  growth  must  take  place  in 
the  manner  shown  in  Fig.  68.  The  cambium  of  the  original 
wedges  of  wood  Jc,  and  the  cambium  ic  formed  l>etween  the-se 
wedges,  continues  to  grow  from  the  inner  and  fmm  the  outer 
surface,  and  thus  causes  a  permanent  increase  in  the  diameter 
of  the  stem  and  a  thickenint^  of  the  l>ark,  whicb,  however,  usu- 
ally soon  begins  to  peel  off  from  the  outside  and  thus  remains 
pretty  constant  in  thickness. 


tindtsji  twig 

(',  epu]t;i'tii]j^  iirid  rorky  layer  of  the  bark; 
ti,  bnat ;  V,  farjfihiuiii  layer  ;  r,  annual 
riti^s  t?f  wood,  Mueli  maguifiod.  —  After 
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It  is  the  lack  of  any  such  ring  of  cambium  as  is  found  in 
dicotyledonous  plants,  or  even  of  permanent  cambium  in  the 
separate  bundles,  that  makes  it  impossible  for  the  trunks  of 
most  palm  trees  to  grow  indefinitely  in  thickness,  like  that  of 
an  oak  or  an  elm. 

81.  Stem  structure  of  climbing  shrubs.  Some  of  the  most 
remarkable  kinds  of  dicotyledonous  stems  are  found  in  climbing 
shrubs.  The  bundles,  as  shown  in  Fig.  57,  are  much  more  dis- 
tinct than  in  most  other  woody  stems.    It  is  evident  that  this 


Fi«.  08.    Diagram  to  illiLstnite  secondary  frrowtli  in  a  dirotyledonous  stem 

/?,  the  first-formed  bark;  p,  mass  of  sieve  cells:  iff.  mass  of  sieve  cells  between 
the  original  weilges  of  wood ;  /c,  cambium  of  wedjires  of  W()(mI  ;  ic,  cambium 
between  we<lKes;  ft,  groups  of  bast  cells ;  //».  wojkI  of  tbe  original  wedges;  //%, 
wcmkI  fonne<l  between  wedges;  ar,  earliest  wo(m1  formed :  3/,  pitli.  —  After  Sachs 

is  for  the  sake  of  leaving  the  stem  flexible  for  twining  purposes, 
just  as  a  wire  cable  is  adapted  to  l)e  wound  about  posts  or  other 
supports,  while  a  solid  steel  or  iron  rod  of  the  same  size  would 
l»e  too  stiff  for  this  use. 

82.  Interruption  of  annual  rings  by  branches  ;  knots.  When 
a  leaf  bud  is  formed  on  the  trunk  or  branch  of  a  dicotyledonous 
tree  it  is  connected  with  the  wood  bv  tibro-vascular  bundles. 
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As  the  bud  develops  into  a  branch,  the  few  bundles  which  it 

originally  possessed  increase  greatly  in  number,  and  at  length, 
as  the  branch  grows,  form  a  cylinder  of 
wood  wliich  cuts  across  the  annual  rings, 
as  shown  in  Fig.  69.  This  interruption  to 
the  rings  is  a  knot,  such  as  one  often  sees 
in  boards  and  planks.  If  the  branch  dies 
long  before  the  tree  does,  the  knot  may 
be  buried  under  many  rings  of  wood.  What 
is  known  as  "clear"  lum- 
ber is  obtained  from  trees 
that  have  grown  in  a 
dense  forest,  so  that  the 
lower  branches  of  the 
lai-ger  trees  wei*e  killed 
by  the  shade  many  years 
l)efore  the  tree  was  felled. 

Fio.  60.  Formation  of       In  pruning  fruit  trees 

a  knot  in  a  tR'e ^nmk     or   shade    trees    the 

R,  fut-off  emi  of  stick,  branches  which    are  re- 

showini;  annual  rintrs;  i       ,         i  j    i 

A',   knot    formed   by    ^lOVCd    should    be    CUt 

growth  of  a  branch.  —  elosc   to    the    trunk.    If 

After  Koth  1  .     •       1  1  1 

this  IS  done,  the  growth 
of  the  trunk  will  bury  the  sour  l)efore  decay 
sets  in. 

83.  Grafting.    When   the   cambium  layer 
of  any  vigorously  growing  stem  is  brought  in     Fio.  70.  Grafting; 
I'ontart  with  the  same  layer  hi  another  stem  At  the  left  scion  and 


of  the  same  kind  or  a  elosely  similar  kind  of 

plant,  ihe  iwi>  may  grow  together  to  form  a 

single  stem  or  bnu\eh.    This  proeess  is  called 

;fr't/fithf,  and  is  uxxwh  \v:^oy{k\\  to  in  onler  to 

stvuix'  apples.  |vars.  ote..  of  any  desinnl  kind 

(Fig.  TOV     .\  twii:  know  n  as  the  snon  from  a  plant  of  the  chosen 

variety  may  Iv  grafit\l  uinni  another  individual  of  similar  kind 


stock  are  shown 
ready  to  be  united; 
at  the  right  they  are 
joined  and  ready  to 
cover  with  grafting 
wax. — After  Perci- 
Tal 
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as   the  stock,  and  the   result ing  stems  will  bear  the 
ihed-for  sort  uf  fruit,    OiWn  one  .speries  Is  ^Tal'teJ  un  aiiuLher, 
le  pear  on  the  qiiinee  or  the  apiJe.    Karely  trees  differing 
lueh  lis  the  ch&stnut  and  the  uak  may  he  grafted  together. 


Frtj*  71*   Two  ash  tn?es  iiuluraUy  gimJited  togetlier 
After  Werllincr 

KiiiiON  gtn fling  OAjiiies  ulMmt  naturally  hy  tlie  hmnche^  of  a 
chafing  iiguinst  one  another  until  the  bark  is  worn  away 
the  cttjiibiuiii  layer  of  each  is  in  cojitact  with  tliat  of  the 
r,  or  two  8e|>iirate  trees  may  be  joinetl  by  natural  grafting 
la  nearly  cylindrical  double  trtmk,  as  is  shown  in  Fig.  71. 
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probable  that  wood  of  this  kind  is  chiefly  useful  to  the  tree  by 
giving  stiffness  to  the  trunk  and  larger  branches,  thus  preventmg 
them  from  being  easily  broken  by  storms. 

It  is  therefore  possible  for  a  tree  to  flourish,  sometimes  for 
centuries,  after  the  heartwood  has  much  of  it  rotted  away  and 
left  the  interior  of  the  trunk  hollow,  as  shown  in  Fig.  72. 

86.  Uses  of  the  components  of  the  stem.  There  is  a  marked 
division  of  labor  among  the  various  gi-oups  of  cells  that  make 
up  the  stem  of  ordinary  dicotyledons,  particularly  in  the  stems 
of  trees,  and  it  will  be  best  to  explain  the  uses  of  the  kinds  of 
cells  as  found  in  trees  rather  than  in  herbaceous  plants.  A  few 
of  the  ascertained  uses  of  the  various  tissues  are  these : 

The  2>ith  forms  a  large  part  of  the  bulk  of  very  young  shoots, 
since  it  is  a  part  of  the  tissue  of  comparatively  simple  structure 
amid  which  the  fibro- vascular  bundles  arise.  In  mature  stems 
it  becomes  rather  unimportant,  though  it  often  continues  for  a 
long  time  to  act  as  a  storehouse  of  food. 

The  medullary  rays  in  the  young  shoot  serve  as  a  channel 
for  the  transference  of  water  and  plant  food  in  a  liquid  form 
across  the  stem,  and  they  often  contain  much  stored  food. 

The  vessels  carry  water  upward  through  the  stem  in  certain 
plants. 

The  wood  cells  of  the  heartwood  are  useful  only  to  give  stiff- 
ness to  the  stem.  Those  of  the  sapwood,  in  addition  to  this 
work,  have  to  carry  most  of  the  water  from  the  roots  to  the 
leaves  and  other  distant  portions  of  the  plant. 

The  camhiuni  layer  is  the  region  in  wliich  the  annual  gi-owth 
of  the  tree  takes  place. 

Sieve  tubes  form  the  most  important  portion  of  the  mner  bark, 
carrying  elaborated  plant  food  from  the  leaves  toward  the  roots. 

The  yreen  layer  of  the  hark  in  young  shoots  does  much  toward 
collecting  nutrient  substances,  or  raw  materials,  and  preparing 
the  food  of  the  plant  from  air  and  water,  but  this  work  may 
be  best  explained  in  connection  with  the  study  of  the  leaf 
(Cliapter  xii). 
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Having  become  somewhat  acquainted  with  the  structure  of 
the  stem,  he  is  now  in  a  position  to  investigate  the  question  how 
the  various  fluids,  commonly  known  as  sap,  travel  about  in  it.^ 

It  is  important  to  notice 
that  sap  is  by  no  means 
the  same  substance  every- 
where and  at  all  times. 
As  it  first  makes  its  way 
by  osmotic  action  inward 
through  the  root  hairs  of 
the  growing  plant  it  differs 
but  little  from  ordinary 
spring  water  or  well  water. 
The  liquid  which  flows 
from  the  cut  stem  of  a 
** bleeding"  tree  or  grape- 
vine which  has  been 
pruned  just  before  the  buds 
have  begun  to  burst  in  the 
spring  is  mainly  water, 
often  with  a  little  dissolved 
organic  acids,  proteids,  and 
sugar.    The  sap  which   is 

Fig.  73.   Channels  for  the  movement  of      obtained  from  maple  trees 
water,  upward  and  downward  in    late    whiter    or    early 

The  heavy  black  lines  in  roots,  stems,  and  Spring,  and  is  boiled  dowil 

leaves  show  the  course  of  the  fibro-vascular  f^j.  gip^p  qj.  g^gar  ig  richer 
bundles  through  which  the  principal  move-  f .  . 

ments  of  water  take  place.  — After  Frank  in  nutritious  material  than 

and  Tschirch  ^j^^  ^^^^  ^j  ^j^^  grapevine, 

while  the  elaborated  sap  which  is  sent  so  abundantly  into  the  ear 
of  corn  at  its  period  of  filling  out,  or  into  the  growing  pods  of 
beans  and  peas,  or  into  the  rapidly  forming  acorn  or  the  chestnut, 
contains  great  stores  of  food  suited  to  sustain  plant  or  animal  life. 

1  See  the  paper  on  **  The  So-called  Sap  of  Trees  and  its  Movements,"  by 
Professor  Charles  U.  Barnes,  Science,  Vol.  XXI,  p.  635. 
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From  the  familiar  facts  that  ordinary  forest  trees  apparently 
flourish  as  well  after  the  almost  complete  decay  and  removal  of 
their  heartwood,  and  that  many  kinds  will  live  and  grow  for  a 
considerable  time  after  a  ring  of  bark  extending  all  round  the 
trunk  has  been  removed,  it  may  readily  be  inferred  that  the 
crude  sap  in  trees  must  rise  through  some  portion  of  the  newer 
layers  of  the  wood.    A  tree  girdled  by  the  removal  of  a  ring  of 


Vui.  74.  A  cutting  girdled  and 
standing  down  roots  from  the 
upper  edge  of  the  girdled 
ring 


Fig.  76.  Diagrammatic  cross  section  of  a 
bundle  from  sugar  cane,  showing  chan- 
nels for  water  and  dissolved  plant  food 

Water  travels  upward  through  the  vessels  d 
and  through  the  wood  cells  in  the  region 
marked  w.  AVater  with  dissolved  plant 
food  travels  downward  through  the  sieve 
tubes  iu  the  region  s.   Magnified 


sapwood  promptly  dies.  After  the  removal  of  a  ring  of  bark  a 
tree  dies  from  starvation  of  the  roots  (Sec.  88  ;  also  see  Fig.  394). 
88.  Downward  movement  of  liquids.  Most  dicotyledonous 
stems,  when  stripped  of  a  ring  of  bark  and  then  set  in  water, 
as  shown  in  Fig.  74,  and  covered  with  a  bell  jar,  develop  roots 
only  at  or  near  the  upper  edge  of  the  stripped  portion.  This 
would  seem  to  prove  that  such  stems  send  their  builduig  mate- 
rial—  the  elaborated  sap  —  largely,  at  any  rate,  down  through 
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the  bark.  Its  course  is  undoubtedly  for  the  most  part  through 
the  sieve  tubes  (Figs.  63,  64),  which  are  admirably  adapted  to 
convey  liquids.  In  addition  to  these  general  upward  and  down- 
ward movements  of  sap,  there  must  be  local  transfers  laterally 
through  the  stem,  and  these  are  at  times  of  much  importance 
to  the  plant 

Since  the  liquid  building  material  travels  straight  down  the 
stem,  that  side  of  the  stem  on  which  the  manufacture  of  such 

material  is  going  on  most  rapidly 
should  grow  fastest.  Plant  food  is 
made  out  of  the  raw  materials  by  the 
leaves,  and  so  the  more  leafy  side  of  a 
tree  forms  thicker  rings  than  the  less 
leafy  side,  as  shown  in  Fig.  76. 

89.  Rate  of  movement  of  water  in 
the  stem.   There  are  many  practical 
Fig.  76.  Unequal  growth  of   difficulties  in  the  way  of  ascertaining 
rings  of  wootl  in  a  nearly  exactly  how  fast  the  watery  sap  travels 

horizonUl  stem  of  juniper  from  the  root  to  the  leaves.  It  is,  how- 
Natural  size  g^.gj.^  g^gy  |.Q  illustrate  experimentally 
the  fact  that  it  does  rise,  and  to  give  an  approximate  idea  of 
the  time  required  for  its  ascent.  The  best  experiment  for  be- 
ginners is  one  which  deals  with  an  entire  plant  under  natural 
conditions ;  that  is,  by  allowing  a  plant  to  wilt  from  lack  of 
water,  then  watering  it  freely  and  noting  how  soon  the  leaves 
begin  to  recover  their  natural  appearance  and  positions. 

The  interval  of  time  will  give  a  very  rough  idea  of  the  time 
of  transfer  of  water  through  the  roots  and  the  stem  of  the  plant. 
From  this,  by  measuring  the  approximate  distance  traveled,  a 
calculation  could  be  made  of  the  number  of  inches  per  minute 
that  water  travels  in  this  particular  kind  of  plant,  through  a 
route  which  is  partly  roots,  partly  stem,  and  partly  petiole. 
Still  another  method  is  to  immerse  the  cut  ends  of  leafy  stems 
in  eosin  solution  and  note  carefully  the  rate  of  ascent  of  the 
coloring  liquid.    This  plan  is  likely  to  give  results  that  are  too 
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low ;  still  it  is  of  some  use.  It  has  given  results  varying  from 
34  inches  per  hour  for  the  willow  to  880  inches  per  hour  for 
the  sunflower.  A  better  method  is  to  introduce  the  roots  of  the 
plant  which  is  being  experimented  upon  into  a  weak  solution 
of  some  chemical  substance  which  is  harmless  to  the  plant  and 
which  can  readily  be  detected  anywhere  in  the  tissues  of  the 
plant  by  chemical  tests.  Proper  tests  are  then  applied  to  por- 
tions of  the  stem  which  are  cut  from  the  plant  at  short  intervals 
of  time. 

Compounds  of  the  metal  lithium  are  well  adapted  for  use  in 
thLs  mode  of  experimentation,  if  a  spectroscope  is  available  to 
test  for  its  presence. 

90.  Causes  of  movements  of  water  in  the  stem.  KSome  of  the 
phenomena  of  osmosis  were  explamed  in  Sees.  48-51,  and  the 
work  of  the  root  hairs  was  described  as  due  to  osmotic  action. 

Tliat  portion  of  the  sap  pressure  which  originates  m  the  roots 
(Sec.  38),  being  apparently  a])le  to  sustain  a  column  of  water 
only  80  or  90  feet  high  at  the  most  (and  usually  less  than  half 
this  amount),  would  be  quite  insufficient  to  raise  the  sap  to  the 
U)\)S  of  the  tallest  trees,  since  many  kinds  grow  to  a  height 
of  more  than  100  feet.  Our  California  "  big  trees,"  or  Sequoias^ 
reach  the  height  of  over  300  feet,  and  an  Australian  si)ecies  of 
Eucalyptus,  it  is  said,  sometimes  towers  up  to  470  feet.  Koot 
pressure,  then,  may  serve  to  start  the  soil  water  on  its  upward 
journey,  but  some  other  force  or  forces  must  step  in  to  carry  it 
the  rest  of  the  way.  What  these  other  forces  are  is  still  a  matter 
of  discussion  among  l)otanists. 

The  slower  inward  and  downward  movement  of  the  sap  may 
1)6  explained  as  due  to  asmosia  For  instance,  in  the  case  of 
growing  wood  cells,  sugary  sap  descending  from  the  leaves  into 
the  stem  gives  up  part  of  its  sugar  to  form  the  cellulose  of 
which  the  wood  cells  are  being  made. 

Tliis  loss  of  sugar  leaves  the  sap  rather  more  watery  than 
usual,  and  osmosis  carries  it  from  the  growing  wooil  to  the 
leaves,  while  at  the  same  time  a  slow  transfer  of  the  dissolved 
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As  the  bud  develops  into  a  branch,  the  few  bundles  which  it 

originally  possessed  increase  greatly  in  number,  and  at  length, 
as  the  branch  grows,  form  a  cylinder  of 
wood  which  cuts  across  the  annual  rings, 
as  shown  in  Fig.  69.  This  interruption  to 
the  rings  is  a  knot,  such  as  one  often  sees 
in  boards  and  planks.  If  the  branch  dies 
long  before  the  tree  does,  the  knot  may 
be  buried  under  many  rmgs  of  wood.  What 
is  known  as  "clear"  lum- 
ber is  obtained  from  trees 
that  have  gi'own  in  a 
dense  forest,  so  that  the 
lower  branches  of  the 
larger  trees  were  killed 
by  the  shade  many  years 
before  the  tree  was  felled. 
In  pruning  fruit  trees 
or  shade  trees  the 
branches  which  are  re- 
moved should  be  cut 
close  to  the  trunk.  If 
this  is  done,  the  growth 

of  the  trunk  will  bury  the  scar  before  decay 

sets  in. 

83.  Grafting.    When   the  cambium  layer 

of  any  vigorously  growing  stem  is  brought  in 

contact  with  the  same  layer  in  another  stem 

of  the  same  kind  or  a  closely  similar  kind  of 

plant,  the  two  may  grow  together  to  form  a 

single  stem  or  branch.    This  process  is  called 

(jraftiiKjy  and  is  much  resorted  to  in  order  to 

secure  apples,  pears,  etc.,  of  any  desired  kind 

(Fig.  70).    A  twig  known  as  the  scion  from  a  plant  of  the  chosen 

variety  may  be  grafted  upon  another  individual  of  si?nilar  kind 


Fig.  69.   Formation   of 
a  knot  in  a  tree  Irunk 

Ry  cut-off  end  of  stick, 
showing  annual  rings; 
Ky  knot  formed  by 
growth  of  a  branch.  — 
After  Roth 


Fig.  70.   Grafting 

At  the  left  scion  and 
stock  are  shown 
ready  to  be  united ; 
at  the  right  they  are 
joined  and  ready  to 
cover  with  grafting 
wax.  —  After  Perci- 
val 
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■known  as    the  stork,  ami  the    reselling  stems  will   hear  tlit^ 
wished- for  sort  of  fruit.    Often  one  f?pet^it*a  is  grafted  on  another, 
the  pear  an  the  i^uijice  or  the  fijiple,    Harelj  trees  diil'ering 
aueh  as  the  eht\^tmit  and  tlie  oak  raaj  he  grafted  together. 


\^ 


r 


iJ 


Fi&.  7L  Two  adi  tnm  um^rAi^  ^r^u^  kj^iljitr 
Alter  Wenbottr 

trneiiniei  gimfttog  oofiieii  fthrmt  natumllj  bj*  the  bfsiichai  of  a 
cliafiog  igiiittt  t)«iit  aiifJiber  until  tlie  bork  is  vfira  awajr 
id  llie  caxuhrntD  layiT  of  e^ch  b  iti  eont^urt  with  that  of  tbe 

bw.  <»r  twa  separate  lnje«  tiiay  lie  )oUied  by  natimil  graftiBg 
a  nearly  cylinflriiisal  doulilc  trunk,  as  ia  ahorwti  in  F^  71. 
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84.  Comparison  of  the  monocotyledonous  and  the  dicotyledo- 
nous stem.^ 


General 
Structure  : 


Structure  of 
Bundles  : 


Monocotyledonous 
Stem 

A  hard  rind  of  rather 
uniform  structure. 
Bundles  intermixed 
with  the  pith. 


Bundles  dosed;  that 
is,  without  permanent 
cambium. 


Dicotyledonous 
Stem 

A  complex  bark ,  usually 
on  young  shoots,  consist- 
ing of  an  epidermis,  a 
corky  layer,  a  green  layer, 
and  a  layer  of  bast.  A 
layer  of  cambium.  Wood 
in  annual  rings.  Pith  in 
a  cylinder  at  the  center. 

Bundles  open,  with  per- 
manent cambium. 


Growth  in 
Thickness  : 


Cells  of  mature  parts 
of  stem  expand  some- 
what, but  (in  most 
palms)  new  ones  are 
not  formed. 


New  wood  cells  formed 
throughout  growing  sea- 
son from  cambium  ring. 


1  This  comparison  applies  only  to  most  of  the  woody  or  tree-like  stems. 


CHAPTER  VIII 
LIVING  PARTS  OF  THE  STEM;   WORK  OF  THE  STEM 

85.  Active  portions  of  the  stems  of  trees  and  shrubs.    In 

annual  plants  generally,  and  in  the  very  young  shoots  of  shrubs 
and  trees,  there  are  stoma ta  (singular  stoma,  meaning  mouth), 
or  breathing  pores,  which  occur  abundantly  in  the  epidermis, 
serving  for  the  admission  of  air  and  the  escape  of  moisture, 
while  the  green  layer  of  the  bark  answers  the  same  purpose 
that  is  served  by  the  green  pulp  of  the  leaf  (Chapter  xii).  For 
years,  too,  the  spongy  lenticels,  which  succeed  the  stomata  and 
occur  scattered  over  the  external  surface  of  the  bark  of  trees 
and  shrubs,  serve  to  admit  air  to  the  interior  of  the  stem.  The 
lenticels  at  first  appear  as  roundish  spots,  of  very  small  size;  but 
as  the  twig  or  shoot  on  which  they  occur  increases  in  diameter, 
the  lenticel  becomes  spread  out  at  right  angles  to  the  length  of 
the  stem,  so  that  it  sometimes  becomes  a  longer  transverse  slit 
or  scar  on  the  bark,  as  in  the  cherry  and  the  birch  and  the 
elder.  But  in  the  trunk  of  a  large  tree  often  no  part  of  the 
bark  except  the  inner  layer  is  alive.  The  older  portions  of 
the  bark,  such  as  the  highly  developed  cork  of  the  cork  oak, 
sometimes  cling  for  years  after  they  are  dead  and  useless  ex- 
cept as  a  protection  for  the  jiarts  iKMieath  against  mechanical 
injuries  or  against  cold.  But  in  many  cjises,  as  in  the  shellbark 
hickory  and  the  grapevine,  the  old  bark  soon  falls  off  in  strips ; 
or  as  in  birches  it  finally  jieels  off  in  bands  around  the  stem. 

The  cambium  layer  is  very  much  alive,  and  so  is  the  young 
outer  portion  of  the  wood.  Testing  this  sapwfxjd,  jjarticularly 
in  winter,  shows  that  it  is  rich  in  starch  and  proteids. 

The  heartwood  of  a  full-grown  tn^e  in  liardly  living,  unless 
the  cells  of  the  medullar)'  rays  retain  their  vitality,  and  s^j  it  is 
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In  most  cold  or  temperate  climes  it  would  be  during  the  winter, 
when  little  water  can  be  drawn  from  the  soil  (Sec.  39). 

97.  Position  of  buds.    The  distinction  between  lateral  and 
terminal  buds  has  already  been  alluded  to  (Sec.  57). 

The  plumule  is  the  first  terminal  bud 
which  the  plant  produces.  Lateral  buds 
are  usually  axillary ,  as  shown  in  Fig.  79, 
that  is  they  grow  in  the  angle  formed 
by  the  leaf  with  the  stem  (Latin,  axilla, 
armpit) ;  but  not  infrequently  there  are 
several  buds  grouped  in  some  way  about 
a  single  leaf  axil,  either  one  above  the 
other,  as   in  the  butternut   (Fig.  80),  or 


Fig.  80.    Accessoiy 
buds  of  butternut 

/,  leaf  scar ;  ax,  axil- 
lary bud ;  a,  a\  ac- 
cessory  buds;  t, 
termiual  bud.  Re- 
duced. 


Fig.  81.   Accessory  buds  of  box  elder 
{Negundo) 

A,  front  view  of  group;  J5,  two  groups 
seen  in  profile.    Magnified 


grouped  side  by  side,  as  in  the  red  maple,  the  cherry,  and  the 
box  elder  (Fig.  81). 

In  these  cases  all  the  buds,  except  the  axillary  one,  are 
called  accessor}/  or  supernumerary  buds.    Those  which  appear  in 
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irregular  positions,  as  on  roots,  on  unusual  parts  of  the  stem,  or 
on  leaves  (Fig.  88),  are  called  adventitious  buds. 

98.  Leaf  buds  and  flower  buds ;  the  bud  an  undeveloped 
branch.  Buds  are  of  three  principal  classes ;  leaf  buds,  in  which 
the  parts  inside  of  the  scales  develop  into  leaves,  and  their  cen- 
tral axes  into  stems  ;  mixed  buds,  which  contain  both  leaves  and 
flowers  in  an  undeveloped  condition ;  and  flower  buds,  which 
contain  the  rudiments  of  flowers  only. 

Sometimes,  as  in  the  black  walnut  and  the  butternut,  the 
leaf  buds  and  flower  buds  are  readily  distinguishable  by  their 


Fig.  82 

A^  a  pear  leaf  bud  in  autumn;  /?,  a  leafy  shoot  dorive<l  from  A,  as  seen  in  the 
middle  of  the  following  summer,  with  flower  bud  at  tip;  C,  the  fruit  spur,  J5, 
in  autumn,  after  the  fall  of  the  leaves.  —  After  Percival 

difference  in  form;  while  in  other  cases,  as  in  the  cultivated 
cherry,  the  diff*erence  in  form  is  but  slight.  In  many  plants,  as 
the  lilac,  there  is  a  notable  diff*erence  in  size. 

The  rings  of  scars  about  the  twig,  shown  in  Figs.  79  and  84, 
mark  the  place  where  the  bases  of  bud  scales  were  attached. 
A  little  examination  of  the  part  of  the  twig  which  lies  above 
this  ring,  as  shown  in  Fig.  79,  will  lead  one  to  the  conclu- 
sion that  this  portion  has  all  grown  in  the  one  spring  and  sum- 
mer since  the  bud  scales  of  that  particular  ring  dropped  off". 
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Following  out  this  suggestion,  it  is  easy  to  reckon  the  age  of 
any  moderately  old  portion  of  a  branch,  since  it  is  equal  to  the 


Fig.  83.    Fniit  bud  of  pear  (same  as  C,  of  Fig.  82),  showing  its  development 

A,  opening  in  spring;  7?,  later,  developing  flowers  and  leaves;  C,  later  still:  only 
one  flower  has  prodiured  a  fruit,  the  rest  having  fallen  off.  Below  it  is  a  lateral 
bud  which  will  continue  the  spur  next  year.  — After  Percival 

number  of  segments  between  the  ringa  In 
rapidly  growing  shoots  of  willow,  poplar,  and 
similar  trees,  five  or  ten  feet  may  be  the 
growth  of  a  single  year,  while  in  the  lateral 
twigs  of  the  hickory,  apple,  or  cherry,  the 
yearly  increase  may  be  but  a  fraction  of  an 
inch.  Such  "spurs"  as  are  shown  in  Figs. 
82-84  are  of  little  use  in  the  permanent 
growth  of  the  tree,  and  poplars,  elms,  soft 
maples,  and  other  trees  shed  the  oldest  of 
these  ever}^  year.  In  any  case  the  growth  is 
but  the  development  of  the  bud,  which  may  be 
Fic;.  84.  A  slowly  grown  twig  of      regarded  as  an  undeveloped  stem 

or  branch,  with  its  intemodes  so 
shortened  that  successive  leaves 
seem  almost  to  spring  from  the 
same  point. 


cherry,  three  inches  long  and 
about  ten  years  old 


The  pointed  bud  /  is  a  leaf  bud ;  the 
more  obtuse  accessory  buds/,/ 
are  flower  buds 
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99,  Vernation.  The  arrangement  of  leaves  in  the  bud  is  called 
vernation;  some  of  the  principal  modes  are  shown  in  Fig.  86. 
In  the  cherry  the  two  halves  of  the  leaf  are  folded  together  flat, 
with  the  under  surfaces  outward ;  in  the  walnut  the 
separate  leaflets,  or  parts  of  the  leaf,  are  folded  flat 
and  then  grouped  into  a  sort  of  cone ;  in  the  snow- 
ball each,  half  of  the  leaf  is  plaited  in  a  somewhat 
fan-like  manner,  and  the  edges  of  the  two  halves 
are  then  brought  round  so  as  to  meet ;  in  the  lady's 
mantle  the  fan-like  plaiting  is 
very  distinct ;  in  the  wood  sorrel 
each  leaflet  is  folded  smoothly, 
and  then  the  three  leaflets 
packed  closely  side  by  side.  All 
these  modes  of  vernation,  and  ^^ 
many  others,  often  characteristic 
of  groups  of  plants,  have  received 
descriptive  names  by  which  they 
are  known  to  botanists. 

100.  Importance  of  verna- 
tion. The  significance  of  verna- 
tion  is  best  understood  by 
considering  that  there  are  two 
imi)ortant  purposes  to  be  served : 
the  leaves  must  be  stowed  as 
closely  as  possible  in  the  bud, 
and  upon  banning  to  open 
they  must  be  protected  from  too  great  heat  and  dryness  until 
they  have  reached  a  certain  degree  of  firmness.  It  may  be 
inferred  from  Fig.  86  that  it  is  common  for  very  young  leaves 
to  stand  vertically.  This  protects  them  considerably  from  the 
scorching  effect  of  the  sun  at  the  hottest  part  of  the  day. 
Many  young  leaves,  as,  for  instance,  those  of  the  silver-leafed 
poplar,  the  pear,  the  beech,  and  the  mountain  ash,  are  sheltered 
and  protected  from   cold,  dryness,  and  the  attacks  of  small 
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B,  a  twig  of  European  elm;  A^  a 
lon^tiidiiial  section  of  the  bmls  of 
B  (considerably  magnified) ;  ax,  the 
axis  of  the  l>ud,  which  will  elongate 
into  a  shoot ;  »c,  leaf  scars.  —  After 
Behrcns 
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insects  by  a  coating  of  wool  or  down,  which  they  afterwards 
lose.    The  leaves  of  the  tulip  tree  are  inclosed  for  a  little  time 


Fig.  80.  Types  of  vernation 

1,  2,  cherry;  3,  4,  European  walnut;  5,  6,  snowball;  7,  lady's  mantle;  8,  oxalis. 

After  Kerner 


Fig.  87.   Development  of  an  oxalis  leaf 

A,  full-grown  leaf  ;  B,  rudimentary  leaf,  the  leaflets  not  yet  evident;  C,  more 
advanced  stage,  the  leaflets  appearing ;  /),  a  still  more  advanced  sta^.  B^  C, 
and  2),  considerably  magnified.  —  After  Frank 
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in  thin  pouches,  which  serve  as  bud  scales,  and  are  thus  entirely 
shielded  from  direct  contact  with  the  outside  air. 

101,  Dormant  buds.  Generally  some  of  the  buds  on  a  branch 
remain  undeveloped  in  the  spring,  when  the  other  buds  are 
beginning  to  grow,  and  this  inactive  condition  may  last  for 
many  seasons.  Finally  the  bud  may  die,  or  some  injury  to  the 
tree  may  destroy  so  many  other  buds  as  to  leave  the  dormant 
ones  an  extra  supply  of  food,  and  this,  with  other  causes,  may 
force  them  to  develop  and  to  grow  into  branches. 

Sometimes  the  tree  altogether  fails  to  produce  buds  at  places 
where  they  would  regularly  occur.  In  the  lilac  the  terminal 
bud  usually  fails  to  appear,  and  the  result  is  constant  forking 
of  the  branches. 

102.  Adventitious  buds.  Buds  which  occur  in  irregular  places, 

that  is,  not  terminal  nor  in  or  near  the  axils  of  leaves,  are  called 

adventitious  buds; 

they  may  spring  from 

the  roots,  as   in   the 

silver-leafed  poplar,  or 

from  the  sides  of  the 

trunk,  as  in  our  Amer- 

,  -,  Fig.  88.   Budding  leaf  of  Bryophyllum 

lean  elm.    In  many 

trees,  for  instance  willows  Und  maples,  they  are  sure  to  appear 
after  the  trees  have  been  cut  back.  Willows  are  thus  cut  back, 
or  pollarded,  in  order  to  cause  them  to  produce  a  large  crop  of 
slender  twigs  suitable  for  basket  making. 

leaves  rarely  produce  buds,  but  a  few  kinds  do  so  when  they 
are  injured. »  Those  of  the  Brynphyllum  (Fig.  88),  a  plant  allied 
to  the  garden  live-forever,  when  they  are  removed  from  the  plant 
while  they  are  still  green  and  fresh,  almost  always  send  out 
buds  from  the  margin.  Tliese  do  not  appear  at  random,  but 
are  borne  at  the  notches  in  the  leaf  margin  and  are  accompa- 
nied almost  from  the  first  by  minute  roots.  This  plant  seems  to 
rely  largely  upon  leaf  budding  to  reproduce  itself,  for  in  a  cool 
climate  it  rarely  flowers  or  seeds. 
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UVJ.  The  leaf  as  a  member  of  the  plant  body.   Among  seed 
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105.  Veining.  The  blade  of  the  leaf  is  traversed  by  a  frame- 
work of  fibro-vascular  bundles  known-  as  veins.  These  are 
arranged  in  many  ways,  but  the  two  prin- 
cipal types  are  closed,  or  parallel-veined, 
and  open,  or  netted-veined,  leaves.  In  the 
former  the  veins  run  more  or  less  nearly 
parallel,  either  from  base  to  tip  of  the 
leaf,  or  from  a  mid- 
rib outward.  In  the 
latter  the  veins  are 
branched  so  as  to 
form  a  network. 

106.  Palmate  and 
pinnate  veining.  In 
netted-veined  leaves 
several  ribs  may 
radiate  from  the  end 
of  the  petiole,  like 
the  sticks  of  a  fan. 
Such  veining  is  said 
to  be  palmate.  If 
there  is  only  one  midrib,  from  which  smaller  ribs  extend  ])oth 
ways,  the  veining  is  said  to  be  pinnate  (meaning  feather-like). 

Often  the  veining  is  intermediate  be- 
tween these  two  types. 

107.  Relation  of  shape  to  mode  of 
veining.  Since  the  water  supply  of 
the  leaf  is  earned  through  the  veins, 
and  since  they  support  the  softer 
parts  between  them,  one  would  ex- 
-  pect  to  find  that  the  form  of  the  leaf 
would   bear  a  close   relation    to  its 

1?     />o    XT  ..  J      I  .      .1    nuKle  of  veininij;.    This  is  the  case, 
-Fig.  98.    Netted  veining  (pal-  ^ 

mate)  in  leaf  of  melon         and  m  general  p  a  1  m  a  t  e  1  y  veined 

After  Decaisne  leaves  are  roundish,  while  pinnately 


Fio.  91.    Parallel-veined 
leaf  of  Solomon's  seal 

After  Strasl)urger 


Fig.  92.  Parallel  vein- 
ing in  canna.  Veins 
running  from  midrib 
to  margin 
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veined  ones  are  longer  than  they  are  wide.  These  differences 
are  particularly  noticeable  in  leaves  in  which  the  leaf  blade  is 
not  all  of  one  piece,  —  divided  leaves  (Figs.  95,  96). 

Usually  veins,  near  their  origin,  follow  a  pretty  straight 
course.  This  is  desirable,  in  order  to  carry  water  as  speedily 
as  possible  from  the  base  of  the  leaf  to  its  tip.  The  arrange- 
ment of  the  veins  in  the  leaves  of  most  land 
plants  is  admirably  adapted  to  strengthen 
the  leaf  and  protect  it  from  being  torn. 
In  many  cases  the  last-named  result  is 
secured  by  a  sort  of  "binding"  of  looped 
veins  running  around  the  margin,  as  is 
fairly  well  shown  in  Fig.  94. 

108.  Description  of  leaf  forms.  The 
various  forms  of  leaves  are  classed  and 
described  by  botanists  with  great  minute- 
ness,^ not  simply  for  the  study  of  leaves 
themselves,  but  also  because  in  classify- 
ing and  describing  plants  the  characteristic 
shapes  of  the  leaves  of  many  kinds  of  plants 
form  a  simple  and  ready  means  of  distin- 
<^aiishing  them  from  each  other  and  identi- 
fyin<^  them. 

109.  Occurrence  of  netted  or  parallel 
veining.    With  few  exceptions,  the  leaves 

of  monocotyledonous  plants  are  parallel-veined  and  those  of 
dicotyledonous  plants  netted-veined. 

The  needle-like  leaves  of  the  pines,  spruces,  firs,  larches,  and 
other  coniferous  trees  have  but  a  sin^ijle  vein,  or  two  or  three 
parallel  ones  ;  l)ut  in  their  case  the  veining  could  hardly  be  other 
than  )>arallel,  since  the  leaves  are  so  narrow  that  no  veins  of 
any  considerable  len<,^th  could  exist  except  in  a  position  length- 
wise of  the  leaf. 


Fk;.  94.  Netted  veiii- 
in«?  (pinnate)  in  leaf 
of  foxglove 

After  Planchon 


1  See  Kerncr  an«l  Oliver,  Natural  History  of  Plants,  Vol.  I,  pp.  62^-637. 

See  also  Appendix  to  this  book. 
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Monocotyledonous  plants  seldom  have  leaves  with  notched  or 

cut  margins,  while  dicotyledonous  plants  frequently  have  them. 
A  certain  plan  of  venation  is  found 

mainly  in  plants  with  a  particular  mode 

of  germination,  of  stem  structure,  and  of 

arrangement  of  floral  parts,  and  this  is 

but  one  of  the  frequent  cases  in  botany 

in  which  the  structures  of  plants  are 

correlated  in  a  way  which  is  not  easy 

to  explain. 

No  one  knows  why  plants  with  two 

cotyledons  should  have  netted-veined 

leaves,  but  many  such  facts  as  this  are 

familiar  to  every  botanist. 

110.  Simple  and  compound  leaves. 

The  leaves  so  far  studied  are  siviple 

leaves,   that   is,  leaves  of   which   the 

blades  are  more  or  less  entirely  united 
into  one  piece.  But 
while  in  the  elm 
the  margin  is  cut  in 
only  a  little  way,  in 
some  maples  it  is 

deeply  cut  in  toward  the  bases  of  the  veins. 
In  some  leaves  the  gaps  l)etween  the  adja- 
cent portions  extend  all  the  way  down  to 
the  petiole  (in  pahnately  veined  leaves)  or 
to  the  midrib  (in  pinnately   veined  ones). 

Fio.  96.  Pinnately  guch  divided  leaves  are  shown  in  Figs.  95 
divided   leaf  of         ,  f^n 
celandine  ^^^^  ^^: 

In  still  other  leaves,  known  as  compound 

leaves,  or   hranched  leaves,  the   petiole,  as 

shown  in  Fig.  99  {palmatehj  compoinid),  or  the  midrib,  as  shown 

in  Fig.  97  {pinnately  compound),  U^ars  what  look  to  be  separate 

leavea  These  differ  in  their  nature  and  mode  of  origin  from  the 


Fig.  9o.    Palmately  divided 
leaf  of  buttercup 

The  blade  of  the  leaf  is  dis- 
(Continuous,  consisting  of 
several  portions.  —  After 
Decaisne 


After  Decaisne 
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portions  of  the  blade  of  a  divided  leaf.  One  result  of  this  differ- 
ence appears  in  the  fact  that  some  time  before  the  whole  leaf  is 
ready  to  fall  in  autumn,  the  leaflets  of  a  compound  leaf  are  seen 
to  be  jointed  at  their  attachments.    In  Fig.  99  the  horse-chestnut 


Fig.  07.  Pinnately  com- 
pound leaf  of  locust, 
with  spines  for  stipules 


Fig.  98.  Pinnately  com- 
pound leaf  of  pea 

A  tendril  takes  the  place 
of  a  terminal  leaflet 


leaf  is  shown  at  the  time  of  falling,  with  some  of  the  leaflets 
already  disjointed. 

That  a  compound  leaf,  in  spite  of  the  joints  of  the  separate 
leaflets,  is  really  only  one  leaf  is  shown :  (1)  by  the  absence  of 
buds  in  the  axils  of  leaflets  (see  Fi<,^  97) ;  (2)  by  the  horizon- 
tal arrangement  of  the  blades  of  the  leaflets,  without  any  twist 
in  their  individual  leafstalks  ;  (3)  by  the  fact  tliat  their  arrange- 
ment on  the  midrib  does  not  follow  any  of  the  systems  of  leaf 
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arrangement  on  the  stem  (Sec  111),  If  each  leaflet  of  a  com- 
pound leaf  should  itself  bec^^me  comi>ound,  the  result  would  be 
to  produce  a  twic€  compoutui  leaf  (Fig.  108). 


Fio.  09.    The  fall  of  Uk-  horse-chestnut  leaf 


CHAPTER  XI 

LEAF  ARRANGEMENT  FOR  EXPOSURE  TO  SUN  AND  AIR; 
HELIOTROPIC  MOVEMENTS  OF  LEAVES  AND  SHOOTS 

111.  Leal  arrangement.^  Leaves  are  quite  generally  arranged 
so  as  to  secure  the  best  possible  exix)sure  to  the  sun  and  air. 
This,  in  the  vertical  shoots  of  the  elm,  the  oak  (Fig.  100),  the 
apple,  beech,  and  other  alternate-leaved  trees,  is  -quite  consistent 
with  their  spiral  arrangement.    In  horizontal  twigs  and  branches 


Fig.  100.   Leaf  arrangcraent 
of  tlie  oak 


Fig.  101.   Leaf  arrangement 
of  European  beech 


of  the  elm,  the  beech  (Fig.  101),  the  chestnut,  the  linden,  and 
many  other  trees  and  shrubs,  the  desired  effect  is  secured  by  the 
arrangement  of  all  the  leaves  in  two  flat  rows,  one  on  each  side 
of  the  twig.  The  rows  are  produced,  as  is  easily  seen  on  exam- 
ining such  a  leafy  twig,  by  a  twisting  about  of  the  leafstalks. 
The  adjustment  in  many  opposite-leaved  trees  and  shrubs  con- 
sists in  hjiving  eacli  pair  of  leaves  cover  the  spaces  between 
the  pair  below  it,  and  sometimes  in  the  lengthening  of  the  lower 

1  See  Korner  and  Oliver,  Natural  History  of  Plants,  Vol.  I,  pp.  890-424. 
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Fig.  102.   Leaf  arrangement  of  horse-chestnut  on 
vertical  shoots  (top  view) 

After  Kerner 


dks  so  as  to  bring  the  blades  of  the  lower  leaves  out- 
hose  of  the  upper  leaves.    Examination  of  Figs.  102  and 

wrill   make  the 

r  clear. 

3   student  who 

res  the  leafage 

«s  of  different 

on  the  growing 

self  may  notice 

circumstances 

y  the  position 

leaves.   Maple 

1,  for  example, 

le  ends  of  the 

ches    are    ar- 

3tl  much  like 

of  the    horse- 

lut,  but  they 

und  to  ibe  arranged  more  nearly  flatwise  along  the  inner 

ns  of  the  branches,  that  is,  the  portions  nearer  the  tree. 

Figs.  104  and  lOf) 
show  the  remarkable 
difference  in  arrange- 
ment in  different 
branches  of  the 
Deutzia,  and  equally 
interesting  modifica- 
tiinis  may  Im  found  in 
alternate-leaved  trees, 
such  as  the  elm  and 

>3.   Ixraf  arranirement  of  horse-chestnut    the  cherry. 

on  vertical  shoot.^  (side  view)  112.   Leaf  mOSaiCS. 

After  Kerner  Ji^    y^ry    many    caSCS 

aves  at  the  end  of  a  shoot  are  so  arranged  as  to  form  a 
sj'mmetrical  ])attern,  as  in  the  horse-chestnut  (Fig.  102). 
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Fig.  107.   A  leaf  of  red  clover 


part  of  the  leaves  on  a  plant  are  prevented  from  assuming  the 
folded  position,  while  others  are  allowed  to  do  so,  and  the  plant  is 

then  exposed  during  a  frosty 
night,  the  folded  ones  may 
escape,  while  the  others  are 
killed.  Since  many  plants  in 
tropical  climates  fold  their 
leaves  at  night,  it  is  certain 
that  this  movement  has  other 
purposes  than  protection 

^,leaf  byday;  Z?.  the  same  leaf  at  night      j^^^   j^^^^^  ^^^  probably 

there  is  much  yet  to  be  learned  about  the  meaning  and  impor- 
tance of  leaf  movements. 

115.  Self -induced  movements;  sensitive  plants.  Some  leaves, 
notably  those  of  the  so-called  telegraph  plant,^  have  the  power 
of  maintaining  pretty  rapid  movements  without  external  stimuli. 
The  small  lateral 
leaflets  of  this 
plant,  through  a 
considerable 
range  of  teiin)er- 
a  t  u  r  e  s  a  b  o  v  e 
72°  F.  (22°C.),in 
light  or  darkness 
alike,  continue  to 
move  first  up, 
then  down,  so 
that  tlieir  tips 
make  a  coinpl(*te 
circle  in  from  one 
to  three  or  more 
minutes.  The  motion  is  jerky,  like  that  of  the  second  hand  of 
a  watch,  and  gives  one  a  vivid  impression  of  the  plant  as  a 
livmg  thing. 

1  Dcsinodium  gijrans. 


Fig.  108.   A  leaf  of  acacia 
A,  «as  seen  by  d.iy 


/?,  the  same  leaf  at  night.  —  After 
Darwin 
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A  good  many  plants  of  the  pea  family  have  leaflets  which  are 
sensitive  to  the  touch.  The  best-known  species  is  the  common 
sensitive  plant  of  the  florists,^  the  leaflets  of  which  close  and 
drop,  like  those  of  Fig.  108,  and  the  leafstalks  droop  when  the 
plant  is  touched  or  jarred.  Some  of  our  common  wild  plants  of 
the  same  family  ^  have  leaves  which  promptly  show  irritability 

when  touched,  and  one  species  is 
locally  known  as  "shame  vine," 
fruiu  this  })eculiarity. 

116,  Structure  of  the  parts 
which  cause  leaf  motions.  In  a 
llivui  nnni\)ev  of  cases  the  daily 
iiMiveuieiits  of  leaves  are  produced 
by  sjiecial  organs  at  the  bases  of 
the  leafstalks.  These 
cushion-like  organs, 
called  pulvini  (Fig. 
109),  are  composed 
mainly  of  paren- 
cliymatous  tissue, 
wliicli  contains  much 
water.  It  is  impossi- 
ble fully  to  explain  in 
simple  language  the  way  in  which  the  cells  of  the  pulvini  act,  but 
in  a  general  way  it  may  be  said  that  changes  in  the  light  to  which 
the  plant  is  exposed  c^use  rather  i)roiupt  changes  in  tlie  amount 
of  water  in  the  cells  in  one  portion  or  other  of  the  pulvinus.  If 
the  cells  on  one  side  are  filled  fuller  of  water  than  usual,  that 
side  of  the  pulvinus  will  l)e  expanded  and  make  the  leafstalk 
bend  toward  the  opiK)site  side.  Tlie  i)romptness  of  these  move- 
ments is  no  doubt  in  considerable  measure  due  to  the  fact  tliat 
in  the  pulvini,  as  in  many  other  parts  of  ))lants,  the  protoplasm 
of  adjacent  cells  is  connected.  Delicate  threads  of  protoplasm 
extend  through  the  cell  walls,  makhig  the  whole  tissue  a  living. 
'  Mimosa  pudica.  '^  SiMjcies  of  Cassia  and  Dcswanthus. 


ComiKJund  li'iif  of  hcim  wUh 
pulvinus 
Hi^  pulvJuiLS  ahowM  Jut  an  eTilAr^f^nirmt  In 

at  the  base  of  the  petiole.  —After  saobs 
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web,  at)  that  any  suitable  stimulus  or  excitant  which  acts  on 
one  f/art  of  the  organ  will  srjun  affect  the  whole  oigan. 

117.  Vertically  placed  leaves.   :&Iany  leaves,  like  those  of 
the  olive  ^Kig.  Ill),  always  keep  their  principal  surfaces  nearly 


Kuj.  110.    L(';iv«'s  standing'  nearly  vertical  in  compass  plant  (Silphium 
lariniatuut) 

A,  virw  from  east  or  west;  li,  from  north  or  south.  —  After  Kerner 

vertical.  Thus  Uh\v  receive  the  mornin<^'  and  evening  sun  upon 
iheir  faces,  and  the  noonday  sun  (which  is  so  intense  as  to 
injure  (liciii  when  received  full  on  the  surface)  upon  their  edgea 
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This  adjustment  is  most  perfect  in  the  compass  plant  of  the 
prairies  of  the  Mississippi  basin.  Its  leaves  stand  nearly  upright, 
many  with  their  edges  just  about  north  and  south  (Fig.  110),  so 
that  the  rays  of  the  midsummer  sun  will,  during  every  bright 
day,  strike  the  leaf  surfaces  neariy  at  right  angles  during  a 
considerable  portion  of  the  forenoon  and  afternoon,  while  at 
midday  only  the  edge  of  each  leaf  is  exposed  to  the  sun. 


Fiti.  111.  Xearly  vertical  leav^  of  Ihe  olive 


118.  Heliotropic  movements.  The  whole  plant  above  ground 
usually  bends  toward  the  ([uarter  from  which  most  light  comes. 

Any  set  of  flowering  plants  growing  close  to  a  wall,  or  of 
house  plants  in  a  window,  generally  offers  many  illustrations  of 
this  principle.  Movements  caused  by  light  are  called  heliotropic 
jftovemetits  (from  two  words  meaning  turning  toward  light). 

119.  Positive  and  negative  heliotropic  movements;  how 
produced.  Plants  may  bend  either  toward  or  away  from  the 
strongest  light.  In  the  former  case  they  are  said  to  show  posi- 
tive heliotropism,  in  the  latter  negative  heliotrojmm.  In  both 
cases  the  movement  is  produced  by  unequal  growth,  brought 
alx)ut  by  the  stimulus  of  unequal  lighting  of  different  sides  of 
the  stem.  A  plant  if  placed  on  a  revolving  table  l)efore  a  window 
and  slowly  turned  during  the  hours  of  daylight  grows  upright, 
like  a  plant  out  of  doors.  This  is  because  it  Is  not  left  with  a 
one-sided  illumination  long  enough  to  produce  any  bending. 


CHAPTER  XII 
BfiNUTE  STRUCTURE  OF  LEAVES;  FUNCTIONS  OF  LEAVES* 

120.  Outline  of  leaf  structure.  Most  foliage  leaves  of  seed 
plants  contain  a  rather  complicated  system  of  fibro-vascular 
bundles  forming  the  veins  (Sec.  105),  which,  taken  together,  con- 
stitute a  framework  by  which  the  leaf  is  supported  and  strength- 
ened. Over  and  around  these  veins  lies  a  mass  of  green  pulpy 
material,  the  spongy  parenchyma.  The  whole  leaf  is  covered  by 
an  epidermis.  Frequently,  especially  in  soft  and  rather  thick 
leaves,  such  as  those  of  the  garden  live-forever,  the  epidermis 
can  be  readily  peeled  off  as  a  thin,  transparent  skin. 

The  epidermis  and  the  spongy  parenchyma  decay  far  more 
readily,  than  the  woody  framework,  and  so  skeleton  leaves  may 
often  be  found  on  the  gtound  in  the  spring,  showing  plainly  the 
an-angement  of  the  veins  of  the  leaf. 

121.  Details  of  a  leaf  section.  The  relative  positions  and 
the  detailed  structure  of  the  parts  mentioned  in  Sec.  120  are 
best  understood  by  reference  to  the  magnified  cross  section  of  a 
typical  foliage  leaf. 

In  the  ordinary  leaf  (Fig.  112)  a  section  shows  at  the  upper 
surface  a  layer  of  transparent  cells  of  the  epidermis  e.  Beneath 
tliis  lies  a  layer  of  elongated  cells  ^,  of  a  green  color,  standing 
at  riglit  angles  to  the  epidermis.  These  are  called  palisade  cdk, 
from  a  fancied  resemblance  of  their  shape  and  relative  position 
to  palisades.  Under  this  layer  the  leaf  interior  is  filled  with  an 
irregularly  grouped  mass  of  green  cells  known  as  the  spongy 
parencliynia  sj),  throughout  which  occur  numerous  air  spaces  a, 

*  To  THE  Instrfctor  :  As  the  present  chapter  takes  xtp  its  topics  in  con- 
siderable detail,  it  is  su^/xested  that  it  may  be  found  expedient,  if  time  is 
limited,  to  omit  Sees.  121),  130,  132..  184,  181)  (table),  145-147. 
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and  in  which,  is  an  occasional  fibro-vascular  bundle  b.  The 
palisade  layer  or  layers  and  the  spongy  parenchyma  are  together 
known  as  niesophyll  (meaning  middle  of  leaf). 

The  lower  surface  of  the  leaf  is  covered  by  a  layer  of  color- 
less epidermal  cells  e',  dififering  somewhat  in  size  and  shape  from 
those  of  the  upper  epidermis. 

The  lower  epidermis  is  pierced  by  many  openings  or  stomata  s. 
Each  stoma  opens  into  an  air  chamber.    The  upper  epidermis 


30i^QpC=)' 


Fig.  112.   Cross  section  of  privet  leaf 

e,  upper  epidermis;  p,  palisade  cells;  sp,  spongy  parenchyma;  a,  air  spaces; 
fc,  fibnvvascular  bundle;  ^,  lower  epidermis;  «,  stoma.  Much  magnified. — 
Modified  after  Giesenhagen 

of  this  leaf  contains  far  less  stomata  than  the  lower  one,  and 
this  is  true  of  most  leaves,  —  often  the  upper  surface  contains 
none. 

122.  Uses  of  the  parts  above  mentioned.  It  will  l)e  most 
convenient  to  discuss  the  uses  of  the  parts  of  the  leaf  in  detail 
a  little  later,  but  it  will  make  matters  simpler  to  state  at  once 
that  the  epidermis  serves  as  a  mechanical  protection  to  the  parts 
beneath  and  prevents  excessive  evaporation ;  that  the  palisade 
cells  hold  large  quantities  of  the  green  coloring  matter  of  the 
leaf  in  a  position  where  it  can  receive  enough  but  not  t(K)  much 
sunlight ;  and  that  the  cells  of  tl\e  spongy  parenchyma  share  the 
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work  of  the  palisade  cells,  besides  evaporating  much  water.  The 
stomata  admit  air  to  the  interior  of  the  leaf,  where  the  air  spaces 
serve  to  store  and  to  distribute  it ;  they  allow  oxygen  and  carbon 
dioxide  gas  to  escape ;  and,  above  all,  they  regulate  the  evapora- 
tion of  water  from  the  plant. 

123.  The  epidermis.  The  cells  of  the  epidermis  are  very  gen- 
erally filled  with  water.  Their  form  and  the  thickness  and 
material  of  their  walls  depend  largely  on  the  kind  of  soil  and 


Fm.  113.  Surface  view  of  the  epidermis 
of  a  buttercup  leaf  ^ 

c,  cells  of  epidermis ;  /t,  nuclei  of  epidermal 
cells ;  <7,  guard  cell  of  stoma ;  «,  stoma. 
Much  magnified.  —  After  Giesenbagen 


Fio.  114.  Section  through 
stoma  of  a  buttercup 
leaf,  at  right  angles  to 
epidermis 

e,  epidermal  cells;  g^  guard 
cell  of  stoma;  «,  stoma; 
chy  air  chamber.  Much 
magnified. — After  Bonnier 
and  Sablon 


climate  to  which  the  plant  is  adapted.  In  most  herbs  the  epi- 
dermal cells  form  only  a  single  layer  and  are  not  greatly 
thickened. 

The  stomata  are  not  mere  holes  in  the  epidermis,  but  have  a 
somewhat  conqJicatcd  structure.  Each  stoma  consists  of  two 
kidney-sliaped  (juard  cells  incloshig  a  slit-like  opening  into  the 
leaf  (Fi(?.  113). 

AVhen  the  stoma  is  viewed  in  a  section  at  right  angles  to  the 
surface  of  the  leaf  (Fig.  1 14)  it  appears  as  a  narrow  passage 
communicating  with  an  air  chamber  inside  the  epidermis. 

The  numl)er  of  stomata  in  a  sc^uare  inch  of  leaf  surface  is 
very  great.    An  api)le  leaf  contains  about  24,000  and  a  black 


1  Fig.  113  is  from  lianunculus  Ficaria  ;  Figs.  114-118  from  R.  ocris. 
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Fio.  116.   Upper  epidermis  and  palisade  cells  of 
a  buttercup  leaf 

At  section  perpendicular  to  upper  surface ;  B,  exte- 
rior view  of  upper  surface  with  palisade  cells  seen 
through  epidermis  ;  e,  epidermis  ;  p,  palisade  cells. 
Much  magnified.  —  After  Bonnier  and  Sablon 


walnut   leaf  about 

300,000   per  square 

inch  of  the  lower 

epidermis. 

124.  The   meso- 

phyll;  chloroplasts ; 

chlorophyll.   The 

mesophyll  appears  to 

the  naked  eye  of  a 

uniform  green,  but 

under  the  microscope 

its  cells  are  seen  to 

contain  many  green 

structures  called  chlorophyll  bodies  or  chloroplasts  ("chlorophyU.** 

meaning  leaf  green  and  "  chloroplast "  meaning  molded  out  of 

green  material).    The  color  of  the  leaf,  as  well  as  that  of  green 

stems  and  other  parts  of  tlie  plant  body,  is  due  to  these.  A 
chloroplast  is  usually,  in  seed  plants  and 
in  the  higher  siH)re  plants,  of  an  ellipsoidal 
form  or  lens-shaj^ed 
and  somewhat 
translucent.  Its 
color  is  due  to  a 
green  substance, 
sohible  in  alc<^h()l 
but  not  in  water, 
known  as  chloro- 
phyll. 

125.  Woody  tis- 
sue in  leaves.   The 
veins  of  leaves  con- 
sist of  fibro-vascular  bundles  containing 

wood  fibers  and  vessels  nnich  like  those 

of  the  stem  of  the  plant.    Indeed,  these 

bundles  in  the  leaf  are  continuous  with 


Fio.  110.  Passage  of  a 
fibro-vascular  bundle 
from  stem  to  leaf  of 
a  buttercup  (diagram- 
matic) 

8,  stem ;  to,  woody  part  of 
bundle ;  5,  sieve  ceUs  of 
bundle. — After  Bonnier 
and  Sablon 


Fig.  117.  Diaf^ram  of 
distribution  of  fibro- 
vjuscular  bundles  in  the 
leafst^ilk  of  a  buttercup 

p,  epideniiis:  »r,  w'<»ody 
part  of  bundle  ;  h,  sieve 
, "ells  of  bundle  ;/,  tihrous 
layer  on  outer  part  of 
bundle.  Msijjnified . — 
After  Bonnier  and  Sa- 
blon 
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those  of  the  stem  and  consist  merely  of  portions  of  the  latter 
which  pass  outward  and  upward  from  the  stem  into  the  leaf 
under  the  name  of  leaf  traces. 

The  manner  in  wliich  fibro-vascular  bundles  pass  from  the 
stem  through  the  petiole  into  the  leaf  and  are  there  distributed 
can  readily  be  gathered  from  an  examination  of  Figs.  116-118. 
Their  wood  cells  and  vessels  serve  to 
carry  water  into  the  leaf,  while  their 
sieve  cells  carry  plant  food  from  its 
place  of  manufacture  in  the  blade  of 
the  leaf  down  into  the  stem 


Fk;.  118.  Part  of  the  fibro- 
vascular  skeleton  of  a  biit- 
tercuj)  leaf 

Much  magnified.  —  After  Bon- 
nier and  Sahlon 


Kw.H!^.  Termination^ 
of  a  s^\\\  in  w  lei*f 

■p  »t>irtilly  thickened 
tH'lls  of  the  vein;  p» 
Hareiiehyma  eel  la  of 
tliB  spongy  mtcHor 
of  the  traf.  with  ch|<> 
rophyll  bodies:  /i,  nu- 
cleated   cells.      X    alwut  345   diameters 


126.  Nutrition.  The  series  of  processes  by  which  the  plant 
(1)  takes  up  the  raw  materials  to  form  its  food,  (2)  unites  these 
into  foods,  and  tinally  (3)  constructs  tissue  from  these  foods,  or 
(4)  stores  them,  constitutes  nutrition. 

A  good  deal  of  that  portion  of  nutrition  included  under 
(1)  is  carried  on  by  the  roots.  lUit  all  kinds  of  nutritive  work 
are  carried  on  in  j,aeen  leaves,  and  tlie  ])()rtion  numbered  (2)  is 
a  specialty  of  green  ))lant  cells,  particularly  of  those  in  leaves. 
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127.  The  work  of  leaves.  A  leaf  has  four  principal  functions: 

1.  Photosynthesis.  3.  Assimilation. 

2.  Respiration.  4.  Transpiration. 

128.  Photosynthesis.  All  green  leaves,  when  in  healthy  con- 
dition, at  suitable  temperatures  and  with  sufficient  ilhimination 
can  produce  carbohydrates  {starch  or  sugars)  from  carbon  dioxide 
and  water. 

This  process  is  of  the  greatest  importance,  since  directly  or 
indirectly  all  plants  and  animals  depend  upon  it  for  their  food 
supply.  The  manufacture  by  the  plant  of  carbohydrates  from 
the  raw  materials  is  known  as  photosynthesis  (from  two  words 
meaning  light  and  putting  together).  It  is  often  called  fixation 
of  carbon  or  assimilation  of  carbon.  Phot<Jsynthesis  is  per- 
formed by  the  chloroplasts,  especially  in  the  palisade  cells,  and 
goes  on  imperfectly  or  not  at  all  in  plants  or  parts  of  plants, 
as  in  certain  parasites  and  other  forms,  in  which  no  chlorophyll 
exists  (Chapters  xxii,  xxx). 

129.  Chemical  formula  for  photosynthesis.  The  details  of 
the  photosynthetic  process  are  not  wholly  known,  and  it  is  not 
at  all  likely  that  in  starch-producing  plants  starch  is  the  first 
substance  formed  from  carl)on  dioxide  and  water,  but  it  is  one 
of  the  early  products  of  the  action  of  the  chloroplasts  and  is 
the  easiest  to  detect  by  chemical  tests  applied  to  the  leaf.  In 
some  plants,  as  the  onion,  the  products  of  photosynthesis  are 
all  stored  in  the  form  of  sugar. 

If  the  chloroplast  produced  starch  as  the  direct  result  of 
combining  carbon  dioxide  and  water,  the  chemical  equation  for 
the  process  would  in  its  simplest  form  l>e  ^ : 

Six  molecules 
of  carbon 
dioxide 


r  Five   mole-  ^        f  One    mole- 1        f  ,.j^  ,,,^x^^,,^^^ 


cules     of 
water 


6  CO,  +  r,HjO  =         CJIjoO^        4-  (5  0 


3 


1  Really  some  multiple  of  CcHioOc  probably  more  nearly  expresses  the 
composition  of  starch  than  the  simple  formula  given.  It  Is  certahi  that  the 
photosynthetic  process  is  much  more  complicated  than  a  mere  combination 
of  carbon  dioxide  with  water  to  form  either  starch  or  sugar. 
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If  glucose  (grape  sugar)  were  the  first  product,  the  simplest 
equation  would  be : 

6  CO2  +  6  IlgO  =  CgHijOg  (one  molecule  of  glucose)  +  6  O,.^ 

It  should  be  noticed  that  each  of  the  processes  above  formu- 
lated results  in  the  disappearance  of  six  molecules  of  carbon 
dioxide  and  the  production  of  six  molecules  of  oxygen  as  a 
waste  product 

These  facts,  namely,  that  in  the  green  parts  of  plants  exposed 
to  sunshine  carbon  dioxide  is  consumed  and  oxygen  liberated, 
form  the  foundation  of  our  knowledge  of  photosynthesis.  The 
first  step  in  the  study  of  the  subject  was  taken  by  Joseph 
Priestley  in  1771,  by  his  discovering  that  air  in  which  candles 
had  been  burned  until  they  went  out  could  be  restored  to 
something  like  its  original  condition  by  leaving  in  it  for  some 
time  vigorous  leafy  sprigs  of  mint. 

130.  External  conditions  for  photosynthesis.  Photosynthesis 
can  only  occur : 

1.  When  the  plant  is  supplied  with  air  containing  carbon  dioxide. 

2.  When  the  tenij)erature  is  neither  too  high  nor  too  low. 

3.  When  the  illumination  is  sufficient. 

Ordinary  air  contains  about  one  twenty-fifth  of  one  per  cent 
of  its  bulk  of  carbon  dioxide.  An  increase  of  this  amount  up 
to  four  per  cent,  or  one  hundred  times  the  normal  quantity,  in- 
creases photosynthesis,  but  a  larger  proportion  usually  at  length 
proves  injurious  to  the  health  of  the  plant. 

Some  arctic  and  alpine  plants  can  perform  the  work  of  mak- 
ing carbohydrates  at  temperatures  as  low  as  the  freezing  point 
of  water,  but  plants  of  warmer  climates  require  a  higher  tem- 
perature. The  rate  of  photosynthesis  usually  increases  with 
rise  of  temperature  up  to  about  77°  F.  (25°  C),  after  which 
it  decreases. 

Photosynthesis  ma5'  go  on  very  feebly,  even  in  compara- 
tive darkness,  l)ut  the  light  of  the  interior  of  ordinary  rooms  is 

1  See  Peirce,  Plant  Physiology,  pp.  68-66. 
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insufficient  for  the  vigoroas  growth  of  most  seed  plants  except- 
ing those  which,  in  a  wild  condition,  flourish  in  the  shade:  The 
rate  of  photosynthesis  for  most  of  the  higher  plants  increases 
with  the  illumination  up  to  a  light  intensity  equal  to  that  of 
full  sunlight 

131.  Conditknis  for  formation  of  chlorophyll;  its  mode  of 
action.  Chlorophyll  is  usually  produced  only  in  plants  grown 
in  the  light.  Seedlings  which  have  been  sprouted  in  total  dark- 
ness almost  always  have  a  white  or  ven-  pale  yellow  color,  and 
blanched  celery  affords  a  familiar  example  of  the  appearance  of 
leaves  grown  in  comparative  darkness.  Microscopical  examina- 
tion of  thoroughly  blanched  plants  shows  them  to  lie  destitute 
of  any  decidedly  green  chloroplasts,  and  alcohol  fails  to  extract 
from  them  the  green  chlorophyll  solution  wliich  is  readily  ol>- 
tained  from  ordinary  leaves. 

Iron  must  be  present  in  the  soil  in  order  to  enable  the  plant 
to  form  chlorophyll,  and  plants  develojied  in  water  cultures  abs<»- 
lutely  free  from  iron  remain  yellow  and  grow  feel»Iy. 

Chlorophyll  appears  to  act  by  intercejiting  a  considerable 
portion  of  the  light  rays  which  strike  the  leaf,  thus  comi^lling 
them  to  expend  their  enerjr}'  on  the  chIor<»i •lasts  and  so  to  j»n> 
duce  photosynthesisL  If  light  traversers  a  substance  with  ^Tvat 
ease,  as  it  does  pure  dr}'  air,  for  example.  C4»nii«aratively  little 
effect  is  produced.  On  the  other  hand,  when  it  strikes  a  sul>- 
stance  which  readily  absorl»s  it,  heating  or  chemical  etiects  or 
both  are  produced,  as  is  evident  when  a  rou;:h  sheet  i»f  in»n,  a 
sensitized  photographic  drj-  plate,  or  blue-print  jk-ijier  is  exymsed 
to  sunlight.  Chloniphyll  cannot  it-^elf  do  the  work  ^^^f  i»hot4>- 
synthesis,  but  it  causes  the  light  rays  to  act  on  the  chlonv 
plasts  so  that  their  pnAopla-sm  carries  on  the  maimfacture  of 
carbohydrates  from  the  raw  materials. 

132.  Rate  of  starch  making.  Tlie  am<mnt  of  stan:h  manu- 
factured daily  by  a  given  area  of  foliajre  nmst  dej^end  i»n  the 
kind  of  leaves,  the  temi^erature  of  the  air,  the  intensity  of  the 
sunlight,  and  some   ^xher   conditions.     .Sunfl<»wer   leaves  and 
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pumpkin  or  squash  leaves  produce  starch  at  about  the  same  rate. 
In  a  summer  day  fifteen  hours  long  they  can  make  nearly  three 
quarters  of  an  ounce  for  each  square  yard  of  leaf  surface.  A 
full-grown  squash  leaf  has  an  area  of  about  one  and  one-eighth 
square  feet,  and  a  plant  may  bear  as  many  as  a  hundred  of  them. 
Tlie  entire  plant  would  then  produce  nearly  nine  and  a  half 
ounces  of  starch  per  day. 

Another  way  to  emphasize  the  amount  of  work  done  by  the 
leaves  is  to  consider  how  much  air  would  be  needed  to  supply 
the  carbon  in  a  given  weight  of  wood ;  for  all  this  carbon  has 
probably  been  derived  from  carbohydrates  made  in  the  leaves 
(or  other  green  parts)  by  photosynthesis.  If  the  wood  of  a  tree 
after  drying  weighs  11,000  pounds  and  is  half  carbon,  the  latter 
would  weigh  5500  pounds.  Taking  the  carbon  dioxide  contents 
of  the  air  at  j^,  there  would  be  more  than  20,000,000  cubic 
yards  of  air  needed  to  furnish  the  carbon  of  such  a  tree.^ 

The  enormous  amounts  of  carbon  dioxide  annually  removed 
from  the  air  by  the  growth  of  plants  are  continually  being 
replaced  by  the  respiration  of  animals,  the  decay  of  animal  and 
vegetable  material,  and  ])y  the  burning  of  fuel.  From  the  burn- 
ing of  coal  alone  it  is  estimated  that  nearly  3,000,000  million 
pounds  of  carbon  dioxide  are  every  year  returned  to  the 
atmosphere. 

133.  Respiration.  Plants  cannot  carry  on  their  life  processes 
without  consuming  oxygen  and  giving  off  carbon  dioxide  and 
water.  Tliis  oxygen  consumption  is  the  rcHpiration  of  plants. 
Like  animals,  i)lants  are  dependent  on  the  union  of  oxygen  with 
oxidizable  substances  in  tlieir  tissues  for  tlie  energy  with  which 
they  do  tlie  work  of  assimilation,  growth,  ana  reproduction, — 
in  other  words  jR^rform  their  life  processes. 

How  oxygen  can  be  made  to  comlnne  with  the  carbon-  and 
hydrogen-containing  compounds  in  the  plant  at  moderate  tem- 
peratures is  a  j)roblem  wliicli  plant  physiologists  have  not  yet 
fully  solved ;  but  tlie  union  does  constantly  go  on,  and  as  a 

1  Taken  with  slight  alterations  from  Peirce,  Plfini  Physiology^  p.  44. 
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result  of  the  combination,  water  and  carbon  dioxide  are  con- 
tinually excreted. 

The  amount  of  oxygen  absorbed  and  of  carbon  dioxide  given 
off  is,  however,  so  trifling  compared  with  the  amount  of  each 
gas  passing  in  the  opposite  direction,  while  starch  making  is 
going  on  in  sunlight  at  temperatures  most  favorable  for  photo- 
synthesis, that  under  such  circumstances  it  is  difficult  to  observe 
the  occurrence  of  respiration. 

When  the  illumination  is 
very  feeble,  from  ^^  to  ^\ 
that  of  bright,  diffuse  day- 
light, the  manufacture  of 
carbon  dioxide  by  respira- 
tion and  its  consumption  by 
photosynthesis  are  equal. 

At  high  temperatures, 
such  as  104°  F.  (40°  C), 
respiration  may  produce  car- 
lx)n  dioxide  more  rapidly 
than  photosynthesis  can  con- 
sume it,  even  with  brilliait 
illumination. 

In  onlinary  leafy  plants 
the  leaves,  through  their 
stomata,  are  the  principal  organs  for  absorption  of  air,  but  much 
air  passes  into  the  plant  through  the  lenticels  of  the  bark. 

In  partly  submerged  aquatics  especial  provisions  are  found 
for  carrj'ing  the  air  absorbed  by  the  leaves  down  to  the  sub- 
merged parts.  Tliis  is  accomplished  in  i)ond  lilies  by  ventilating 
tubes  which  traverse  the  leafstalks  lengthwise.  In  many  cases 
such  channels  run  up  and  down  the  stem  (Fig.  120).  In  the 
American  cypress  (Taxodium)  the  "knees,"  which  rise  from  the 
roots, as  shown  in  Plate  III,  are  thought  to  W  for  use  in  respira- 
tion, obtaining  oxygen  from  the  air  and  carrying  it  into  the 
roots  beneath  the  water. 


Vuf.  120.   Cross  section  of  stem  of  mares- 
tiiil  {Ilippuris),  with  air  passages  a 

After  Baillon 
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134.  Resting  condition  and   diminished  respiration.    The 

whole  plant  body  or  parts  of  it  may  pass  into  a  resting  coiidi' 
tion,  in  which  growth  is  suspended  and  few  pianifestations  of  life 
are  discernible.  Familiar  examples  of  this  inactive  condition  are 
leafless  trees  in  winter,  and  rootstopks,  tubers,  and  bulbs  during 
the  winter  of  ordinary  temperate  climates  or  the  rainless  sum- 
mer of  southern  California  and  the  Mediterranean  coast  region. 
Seeds  and  many  kinds  of  resting  spores  afford  extreme  instances 
of  the  possibility  of  a  suspension  of  activity  for  years,  followed 
by  prompt  growth  when  suitable  conditions  are  supplied.  In 
general,  a  moderately  low  temperature  and  dryness  favor  the 
resting  state.  During  the  resting  period  respiration  is  greatly 
diminished,  so  much  so  in  the  case  of  thoroughly  dry  seeds  as 
to  be  almost  or  quite  imperceptible. 

Wlien  resting  protoplasm  is  placed  in  circumstances  which 
enable  it  to  begin  active  respiration,  growth  and  development 
soon  appear.  Thus  twigs  of  lilac  or  other  shrubs  will  flower 
after  a  time,  when  placed  in  water  and  brought  into  a  warm 
room  in  winter. 

In  many  cases,  as  with  most  seeds,  the  period  of  repose  is 
essential  for  growth.  Potato  tubers  will  not  sprout  as  soon  as 
they  are  mature:  some  varieties  need  only  two  months  and 
others  four  or  five  months  of  rest. 

135.  Assimilation.  By  most  American  plant  physiologists  ^ 
the  word  asslmildiion  is  used  as  a  name  for  the  series  of  changes 
by  which  the  i)lant  transforms  absorbed  or  manufactured  food 
into  the  materials  of  its  own  tissues. 

The  transformation  of  starch  or  sugar  into  substances,  like 
cellulose,  which  consist  of  the  same  elements  (carbon,  hydrogen, 
and  oxygen)  differently  combined,  is  a  relatively  simple  matter; 
but  the  manufacture  from  carbohydrates  of  such  very  complex 
nitrogenous  substances  as  the  proteids  and  living  protoplasm 
is  a  most   complicated  process,    and   imperfectly    imderstood. 

1  Kiiropean  botanistK  often  include  in  the  term  assimilation  both  photo- 
synthesis and  the  processes  discussed  in  this  section. 
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Probably  diastase  or  some  other  ferment  in  the  green  parts  of 
the  plant  transforms  the  newly  made  starch  into  sugar,  and  some 
of  this  is  apparently  combined  on  the  spot  with  nitrogen,  sul- 
phur, and  phosphorus.  These  elements  are  derived  from  nitrates, 
sulphates,  and  phosphates,  taken  up  in  a  dissolved  condition 
by  the  roots  of  the  plant  and  transported  to  the  leaves.  The 
details  of  the  process  are  not  understood,  but  the  result  of  the 
combination  of  the  sugars  or  similar  substances  with  suitable 
(very  minute)  proportions  of  nitrogen,  sulphur,  and  phosphorus 
is  to  form  complex  nitrogen  compounds.  These  are  not  precisely 
of  the  same  composition  as  the  living  protoplasm  of  plant  cells 
or  as  the  reserve  proteids  stored  in  seeds  (Sees.  8,  12),  stems 
(Sec.  66),  and  other  parts  of  plants,  but  are  readily  changed 
into  protoplasm  or  proteid  foods  as  necessity  may  demand. 

Assimilation  is  by  no  means  confined  to  leaves ;  indeed,  most 
of  it,  as  above  suggested,  must  take  place  in  other  parts  of  the 
plant.  For  instance,  the  manufacture  of  the  immense  amounts 
of  cellulose,  of  cork,  and  of  the  compound  {lignin)  characteristic 
of  wood  fiber,  which  go  to  make  up  the  main  bulk  of  a  large  tree, 
must  be  carried  on  in  the  roots,  trunk,  and  branches  of  the  tree. 

137.  Metabolism.  It  is  convenient  to  have  a  single  word  to 
express  all  the  chemical  changes  which  are  controlled  by  the 
living  protoplasts.  Such  a  word  is  metabolism.  It  embraces  all 
the  nutritive  processes  mentioned  in  Sec.  126,  as  well  as  respi- 
ration and  tlie  chemical  changes  concerned  in  the  excretion  of 
waste  materials. 

There  are  two  principal  types  of  metabolic  processes,  —  conr 
structwc  meta])olism  (such  as  photosynthesis),  which  unites 
simpler  coni])ounds  into  more  complex  ones,  and  destructive 
metabolism  (such  as  respiration),  which  breaks  up  complex 
substances  into  simpler  ones. 

Digestive  metnholism,  performed  by  means  of  various  ferments, 
begins,  as  already  mentioned,  in  the  seed  during  germination  and 
is  carried  on  in  most  parts  of  the  higher  plants  during  all  active 
periods  of  their  lives.     It  is  especially  energetic  in  removing 
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the  newly  formed  starch  from  the  green  cells  of  leaves  for  use 
in  other  parts  of  the  plant  body.  Much  of  this  food  (carried 
about  in  the  form  of  a  solution  of  sugar)  is  used  for  building 
material,  as  suggested  in  Sec.  136 ;  but  a  good  deal  of  it  is  often 
transported  to  parenchyma  cells  of  the  stem  and  the  roots, 
where  it  is  changed  back  into  starch  for  storage.  Tliis  change 
is  accomplished  by  small  structures  known  as  letccoplasts  in  the 
cells.  Each  leucoplast  may  cause  a  deposit,  upon  some  part  of 
its  outer  surface,  of  successive  layers  which  finally  develop  into 
a  complete  starch  grain.  How  the  leucoplast  is  able  to  bring 
about  the  change  from  starch  to  sugar  is  unknown. 

139.  Trajispiration.  The  process  of  giving  off  water  in  the 
form  of  vapor  from  the  stomata  of  plants  is  called  transpiration. 
It  is  not  a  mere  drying  up,  such  as  occurs  when  a  pile  of  sea- 
weeds or  a  split  stick  of  cord  wood  is  exposed  to  dry  air,  but  is 
an  important  function  of  the  leaves  of  most  seed  plants  and  of 
the  higher  spore  plants.  In  such  forms  as  the  cactuses  (Fig.  50), 
which  are  practically  leafless,  transpiration  is  performed  by  the 
epidermis  of  the  stem. 

As  already  mentioned  (Sec.  36),  ordinary  terrestrial  seed  plants 
are,  during  the  active  j)eriods  of  their  lives,  continually  absorbing 
water  through  the  roots.  This  water  brings  with  it  dissolved 
salts  from  the  soil,  many  of  which  are  used  in  the  tissue- 
forming  work  of  the  plant  body.  Some  of  the  water,  but  only 
an  iusignificant  ])ortion  of  the  whole  amount,  is  needed  for 
photosynthesis,  and  a  good  deal  of  it  is  useful  in  carrying  the 
solu])le  plant  foods,  such  as  sugars,  to  the  growing  parts ;  but 
there  remains  a  large  excess  of  water  to  be  excreted,  and  this 
duty  is  mainly  i)erformed  ])y  the  mesophyll,  and  its  amount  is 
regulated  by  the  epidermis  of  the  leaves.  Tlie  air  within  the 
intercellular  s])aces  of  the  mesophyll  is  surrounded  by  thin- 
walled  colls  filled  with  watery  protoplasm,  and  it  must  there- 
fore be  nearly  or  quite  saturated  with  moisture.  When  allowed 
to  escape  from  the  leaf  this  air  rapidly  carries  off  quantities  of 
watery  vapor. 
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140.  Uses  of  the  epidermis.^  The  epidermis,  by  its  tough- 
ness, tends  to  prevent  mechanical  injuries  to  the  leaf.  After 
the  change  of  the  outer  portions  of  its  cell  walls  into  a  cork)- 
substance  it  greatly  diminishes  evaporation  from  the  general 
surface.  This  process  of  becoming  filled  with  cork  material, 
suberin  (or  a  substance  of  similar  properties  known  as  cutin),  is 
essential  to  the  safety  of  leaves  or  of  yoimg  stems  which  have 
to  withstand  heat  and  dryness.  The  corky  or  cutinized  cell 
wall  is  waterproof,  while  ordinary  cellulose  allows  water  to 
soak  through  it  with  ease. 
Merely  examining  sec- 
tions of  the  various  kinds 
of  epidermis  will  not  give 
nearly  as  good  an  idea  of 
their  properties  as  can  be 
obtained  by  studying 
during  severe  droughts 
the  behavior  of  plants 
which  have  strongly  cuti- 
nized surfaces  and  of 
those  which  have  not,  or 
by  exposing  thin-leaved 
plants  and  thick  leath- 


FiG.  121.   Unequal  development  of  cuticle 
by  epidermbs  cells 

Ay  epidermis  of  butcher's  broom  (Ritscus) ;  B, 
epidermis  of  sunflower:  c.  cuticle:  e,  epider- 
mis cells.  —  After  Frauk  and  Tschirch 


ery-leaved  ones  to  a  verj-  dry  atmosphere  without  watering. 
Fig.  121,  however,  may  convey  some  notion  of  the  difference 
between  the  two  kinds  of  structure. 

In  A  the  shaded  part  is  all  cutinized ;  it  consists  of  the 
thick  cuticle  proper  and,  beneath  this,  cutinized  layers  of  cell 
wall,  under  which  is  a  heavy  layer  of  cellulose.  In  B  the  cuticle 
is  thin,  and  the  outer  portion  of  the  cell  walls  consists  wholly 
of  cellulose. 

In  most  cases,  as  in  the  iiulia-rubljer  tree,  the  external 
epidermal  ceUs  (and  often  two  or  three  layers  of  cells  l)eneath 
these)  are  filled  with  water,  and  thus  serve  as  reservoirs  from 
1  See  Kemer  and  Oliver,  Natural  History  of  Plants,  Vol.  I,  pp.  273-302. 
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which  the  outer  parts  of  the  leaf  and  the  stem  are  at  times 
supplied. 

In  many  cases,  noticeably  in  the  cabbage,  the  epidermis  is 
covered  with  a  waxy  coating,  which  doubtless  increases  the 
power  of  the  leaf  to  retain  needed  moisture,  and  which  certainly 
prevents  rain  or  dew  from  covering  the  leaf  surfaces,  especially 
the  lower  surfaces,  so  as  to  hinder  the  operation  of  the  stomata. 
Many  common  plants,  like  the  meadow  rue  and  the  nasturtium, 
possess  this  power  to  shed  water  to  such  a  degree  that  the  under 
surface  of  the  leaf  is  hardly  wet  at  all  when  immersed  in  water. 
The  air  bubbles  on  such  leaves  give  them  a  silvery  appearance 
when  held  under  water. 

141.  Operation  of  the  stomata.  The  stomata  serve  to  admit 
air  to  the  interior  of  the  leaf  and  to  allow  moisture  in  the  form 
of  vapor  to  pass  out  of  it.  They  do  this  not  in  a  passive  way, 
as  so  many  mere  holes  in  the  epidermis  might,  but  to  a  con- 
siderable extent  they  regulate  the  rapidity  of  transpiration,  open- 
ing more  widely  in  damp  weather  and  in  sunlight,  and  closing 
in  very  dry  weather.  The  opening  is  caused  by  each  of  the 
guard  cells  bending  into  a  more  kidney-like  form  than  usual, 
and  the  closing  by  a  diminution  of  turgor  and  straightening  out 
of  the  guard  cells. 

The  details  of  the  mechanical  explanation  of  stoma  move- 
ments are  complicated,  and  it  is  difficult  fully  to  account  for 
tlieir  irritability  in  response  to  light,  heat,  and  moisture  stimuU, 
and  to  variations  in  the  amount  of  salts  in  the  water  absorbed 
by  the  roots. 

142.  Location  of  the  stomata.  The  under  side  of  the  leaf, 
free  from  palisade  cells,  abounding  in  intercellular  spaces,  and 
pretty  well  protected  from  becoming  covered  with  rain  or  dew, 
is  especially  adapted  for  the  ^yprking  of  the  stomata,  and  accord- 
ingly we  usually  find  them  in  much  greater  numbers  on  the 
lower  surface.  On  the  other  hand,  stomata  occur  only  on 
the  upper  surface  of  the  leaves  of  pond  lilies,  which  lie  flat 
on  the  water.    In  those  leaves  which  stand  with  their  edges 
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nearly  vertical,  the  stomata  are  distributed  somewhat  equally 
on  both  surfaces.  Stomata  occur  in  the  epidermis  of  young 
stems,  being  replaced  later  by  the  lenticels. 

The  health  of  the  plant  depends  largely  on  the  proper  work- 
ing condition  of  the  stomata,  and  one  reason  why  plants  in  cities 
often  fail  to  thrive  is  that  the  stomata  become  choked  with  dust 
and  soot.  If  the  stomata  were  to  become  filled  with  water,  their 
activity  would  cease  imtil  they  were  freed  from  it ;  hence  many 
plants  have  their  leaves,  especially  the  under  surface,  protected 
by  a  coating  of  wax  which  sheds  water. 

143.  Hairs  on  leaves.  Many  kinds  of  leaves  are  more  or  less 
hairy  or  downy,  as  those  of  the  mullein,  the  "  mullein  pink," 
many  cinquefoils,  and  other  common  plants.  In  some  instances 
this  hairiness  may  be  a  protection  against  snails  or  other  small 
leaf-eating  animals,  but  in  other  cases  it  seems  to  be  pretty  clear 
that  the  woolliness  (so  often  confined  to  the  under  surface)  is 
to  lessen  the  loss  of  water  through  the  stomata  The  Labrador 
tea  is  an  excellent  example  of  a  plant  with  a  densely  woolly 
coating  on  the  lower  surface  of  the  leaf.  The  leaves,  too,  are 
partly  rolled  up  hke  those  of  the  crowberry  (Fig.  361),  but  less 
completely,  with  the  upper  surface  outward,  so  as  to  give  the 
lower  surface  a  sort  of  deeply  grooved  form,  and  on  the  lower 
surface  all  of  the  stomata  are  placed.  This  plant,  like  some 
others  with  the  same  characteristics,  ranges  far  north  into  regions 
where  the  temperature,  even  during  summer,  often  falls  so  low 
that  absorption  of  water  by  the  roots  ceases,  since  it  has  been 
shown  that  this  nearly  stops  a  little  above  the  freezing  point  of 
water.  Exposed  to  cold,  dry  winds,  the  plant  would  then  often 
be  killed  by  complete  drying  if  it  were  not  for  the  protection 
afforded  by  the  woolly,  channeled  under  surfaces  of  the  leaves. 

144.  Total  amount  of  transpiration.  In  order  to  prevent 
wilting,  the  rise  of  sap  during  the  life  of  the  leaf  must  have 
kept  pace  with  the  evaporation  from  its  surface.  The  total 
amount  of  water  that  travels  through  the  roots,  stems,  and 
leaves  of  most  seed  plants  during  their  lifetime  is  large,  relative 
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to  the  weight  of  the  plant  itself.  During  173  days  of  growth  a 
corn  plant  has  been  found  to  give  off  nearly  31  pounds  of  water. 
During  140  days  of  growth  a  sunflower  plant  gave  off  about 
145  pounds.  A  grass  plant  has  been  found  to  give  off  its  own 
weight  of  water  every  twenty-four  hours  in  hot,  dry  summer 
weather.  This  would  make  about  6  J^  tons  per  acre  every  twenty- 
four  hours  for  an  ordinary  grass  field,  or  rather  over  2200  pounds 
of  water  from  a  field  50  X  150  feet,  —  that  is,  from  a  tract  not 
larger  than  a  good-sized  city  lot.  Calculations  based  on  obser- 
vations made  by  the  Austrian  forest  experiment  stations  showed 
that  a  birch  tree  with  200,000  leaves,  standing  in  open  ground, 
transpired  on  hot  summer  days  from  700  to  900  pounds,  while 
at  other  times  the  amount  of  transpiration  was  probably  not 
more  than  18  to  20  pounds.^ 

145.  Accumulation  of  mineral  matter  in  the  leaf.  Just  as  a 
deposit  of  salt  is  found  in  the  bottom  of  a  seaside  pool  of  salt 
water  which  has  been  dried  up  by  the  sun,  so  old  leaves  are 
found  to  be  loaded  with  mineral  matter  left  behind  as  the  sap 
drawn  up  from  the  roots  is  evaporated  through  the  stomata. 
A  bonfire  of  leaves  makes  a  surprisingly  large  heap  of  ashes.  An 
abundant  constituent  of  the  ashes  of  burnt  leaves  is  silica,  a 
substance  chemically  the  same  as  sand.  This  the  plant  is  forced 
to  absorb  along  with  the  potash,  compounds  of  phosphorus,  and 
other  useful  substances  contained  in  the  soil  water;  but  since 
the  silica  is  of  hardly  any  value  to  most  plants,  it  often  accumu- 
lates in  the  leaf  as  so  much  refuse.  Lime  is  much  more  useful 
to  the  plant  than  silica,  but  a  far  larger  quantity  of  it  is  absorbed 
than  is  needed ;  hence  it,  too,  accumulates  in  the  leaf. 

146.  The  fall  of  the  leaf.  In  the  tropics  trees  retain  most  of 
their  leavt's  the  year  round  ;  a  leaf  occasionally  falls,  but  no  con- 
siderable portion  of  them  drops  at  any  one  season.*    The  same 

1  See  B.  E.  Femow's  discussion  in  Report  of  Division  of  Forestry  of  United 
Suites  Department  of  Agriculture,  1880  ;  also  the  article,  "Water  as  a  Factor 
in  the  (irowth  of  riaiits,"  by  B.  T.  (Jalloway  and  Albert  F.  Woods,  Year- 
Book  of  United  States  Department  of  Agriculture,  1894. 

2  Except  where  there  is  a  severe  dry  season. 
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statement  holds  true  in  regard  to  our  cone-bearing  evergreen 
trees,  such  as  pines,  spruces,  and  the  Hke.  But  the  impossibility 
of  absorbing  soil  water  when  the  ground  is  at  or  near  the  freez- 
ing temperature  would  cause  the  death,  by  drying  up,  of  trees 
with  broad  leaf  surfaces  in  a  northern  winter.  And  in  countries 
where  there  is  much  snowfall,  most  broad-leafed  trees  could 
only  escape  injury  to  their  branches  from  overloading  with  snow, 
by  encountering  winter  storms  hi  as  close-reefed  a  condition  as 
possible.  For  such  reasons  our  common  shrubs  and  forest  trees 
(except  the  cone-bearuig,  narrow-leafed  ones  already  mentioned) 
are  mostly  decidtwus,  —  that  is,  they  shed  their  leaves  at  the 
approach  of  winter.  There  are,  however,  in  the  eastern  United 
States  a  few  species  of  broad-leafed  evergreen  trees  and  large 
shrubs,  such  as  the  live  oak,  some  BhododendroiiSy  the  mountain 
laurel  (Kalmia),  and  the  hollies.  Along  the  Pacific  coast  there 
are  many  more  forms,  including  five  fairly  common  species  of 
evergreen  oaks,  the  beautiful  ArhUtcs,  and  the  manzanitas 
(Arctostaphylos). 

Looking  somewhat  closely  into  the  matter  of  deciduousness 
of  the  trees  and  shrubs  of  temperate  climates  (not  including  the 
coniferous  species),  one  finds  that  they  may  be  classed  as  follows : 

-     -  .1.  1      ,     -1  1  A,  winter  deciduous 

I.  Leaves  Sim  ultaneouslv  deciduous  .     .  V,»  ,     ., 

J  B,  summer  deciduous 


H.  Leaves  not  simultaneously  deciduous 
(evergreen)  


C,  leaves  s(mie  of  them 

lasting  two  years  or 

more 
1),  leaves  lasting  more 

tlian  one  year  but  less 

than  two 


Tlie  only  one  of  the  four  subdivisions  which  shows  fairly  con- 
stant leafage  at  all  seasons  is  the  one  designated  as  C  leaves 
of  the  subdivision  J)  often  fall  when  about  fifteen  months  old, 
so  that  the  tree  is  unusually  leafy  during  the  three  months 
when  the  new  leaves  are  developing  to  their  full  size,  but  l)ef()re 
the  old  ones  begin  to  fall.  It  is  a  noteworthy  fact  that  in  many 
species  of  broad-leafed  evergreens,  for  example  the  ilex  oak,  the 
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oleander,  and  Smilax  aspera,  the  leaves  do  not  attain  their  maxi- 
mum power  of  transpiration  as  soon  as  they  are  fully  grown. 
Such  a  leaf  transpires  more  when  fifteen  months  old  than  when 
three  months  old. 

The  fall  of  the  leaf  is  preceded  by  important  changes  in  the 
contents  of  its  cells.  Much  of  the  sugary  and  protoplasmic  con- 
tents of  the  leaf  disappears  before  it  falls.  These  valuable  mate- 
rials have  been  absorbed  by  the  branches  and  roots,  to  be  used 
again  the  foUowmg  spring. 

The  separation  of  the  leaf  from  the  twig  is  accomplished  by 
the  formation  of  a  layer  of  cork  cells  across  the  base  of  the 
petiole  in  such  a  way  that  the  latter  finally  breaks  off  across 
the  surface  of  the  layer.  A  waterproof  scar  is  thus  already 
formed  before  the  removal  of  the  leaf,  and  there  is  no  waste  of 
sap  dripping  from  the  wound  where  the  leafstalk  has  been 
removed,  and  no  chance  for  fungi  to  attack  the  bark  or  wood 
and  cause  it  to  decay.  In  compound  leaves  each  leaflet  may 
become  separated  from  the  petiole,  as  is  notably  the  case  with 
the  horse-chestnut  leaf  (Fig.  99).  In  woody  monocotyledons, 
such  as  palms,  the  leafstalks  do  not  commonly  break  squarely 
off  at  the  base,  but  wither  and  leave  projecting  stumps  on 
the  stem. 

The  brilliant  coloration,  yellow,  scarlet,  deep  red,  and  purple, 
of  autunni  leaves  is  popularly  but  wrongly  supposed  to  be  due 
to  the  action  of  frost.  It  depends  merely  on  the  changes  in  the 
chlorophyll  grains  and  the  liquid  cell  contents  that  accompany 
the  withdrawal  of  the  proteid  material  from  the  tissues  of  the 
leaf.  The  chlorophyll  turns  into  a  yellow,  insoluble  substance 
after  the  valuable  materials  which  accompany  it  have  been 
taken  away,  and  the  cell  sap  at  the  same  time  may  turn  red. 
Frost  perhaps  hastens  the  break-up  of  the  chlorophyll,  but  indi- 
vidual trees  often  show  bright  colors  long  l)efore  the  first  frost, 
and  in  very  warm  autunnis  most  of  the  changes  in  the  foliage 
may  come  about  before  there  has  been  any  frost. 


CHAPTER  XIII 

THE  FLOWER  OF  THE  HIGHER  SEED  PLANTS 

147.  Organs  of  the  flower.  The  parts  found  in  a  complete 
flower  of  the  higher  seed  plants  (angiosperms)  are  sepals,  petals, 
stamens,  and  pistils  (Fig.  122).  The  sepals,  taken  together,  con- 
stitute the  calyx;  the  petals,   taken   together,  constitute  the 


Fio.  122.   Face  view  and  dissection  of  an  angiospei-mous  flower 
r,  receptacle;  «e,  sepal;  pe,  petal;  «/,  stamen;  pi,  pistil;  o,  ovule 

corolla.  The  calyx  and  corolla  are  collectively  known  as  the 
floral  envelopes,  or  perianth. 

Many  angiospcrmous  flowers  consist  of  five  circles,  or  whorls, 
two  of  which  belong  to  the  perianth,  two  to  the  stamens,  and  one 
to  the  pistils.  The  parts  of  each  circle  alternate  in  position  vrith 
those  of  the  preceding  or  following  one,  and  all  the  members  of 
each  circle  are  alike  (Fig.  122). 

lis.  Suppression  and  multiplication  of  circle.  Any  circle,  or 
part  of  a  circle,  may  be  suppressed.  If  one  set  of  parts  of  the 
perianth  is  lacking  it  is  assumed  to  be  the  corolla  (Fig.  123).^ 

1  For  other  instances  of  suppreasion  of  various  sets,  see  Bergen,  Flora 
of  the  Narihem  States  (Figs.  3,  8,  0, 11,  10). 
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A  whorl  of  stamens  is  frequently  suppressed,  so  that  only  one 
circle  is  present  in  the  flower  (Fig.  128). 

Multiplication  of  whorls  is  particularly  frequent  among  the 
stamens,  but  other  whorls  may  also  show  it  (see  Figs.  149,  150). 


Fig.  123.  Flower  of 
(European)  wild 
ginger,with  calyx 
but  no  petals 

After  Wossidlo 


Fio.  124.   Flowers  of  willow 

Af  starainate  flower;  J?,  pistil- 
late flower.  Magnified.  —  After 
Decaisne 


I:'^  ^ 


149.  Unisexual  flowers.  The  stamens  and  pistils  may  be 
produced  in  separate  flowers,  which  are  uniseimial  (often  called 
imperfect)  flowers.  In  the  very  simple  unisexual  flowers  of  the 
willow  (Fig.  124)  each  flower  of  the  catkin  (Fig.  143)  consists 
merely  of  a  pistil  or  a  group  of  (usually  two)  stamens  springing 
from  the  axil  of  a  small  bract. 

Staminate  and  pistillate  flowers  may  be 
borne  on  different  plants,  as  they  are  in 
the  willow,  or  they  may  be  borne  on  the 
same  plant,  as  in  the  hickory  and  the  hazel 
among  trees,  or  in  the  castor-oil  plant, 
Indian  corn,  and  the  begonias.  When  stam- 
inate and  pistillate  flowers  are  borne  on 
separate  i)lants,  such  a  plant  is  said  to  be 
dicecious^  that  is  of  two  households ;  when 
both  kinds  of  flower  appear  on  the  same 
individual,  the  plant  is  said  to  be  moncrscious,  that  is  of  one 
household. 


Fig.  125.  Rilaterally 
Rynimetrical  flower 
of  pansy 
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150.  Symmetry  of  the  flower.  Most  angiosperms  have  s}Tn- 
metrical  flowers.  The  simplest  are  those  whose  parts  are  ar- 
ranged as  in  Figs.  122,  128,  and  149,  having  radial  s^imetry} 


Fig.  126.  Bilaterally  symmetrical  flower  of  sweet  pea 
At  side  view;  B^  front  view,  dissected;  «,  standard;  tr,  ir,  wings;  k^  keel 

A  higher  type  of  flower  is  that  which  shows  bilateral  symmetry^ 
as  in  Figs.  125  and  126. 

If  the  drawing  of  such  a  flower  were  folde<l  along  the  axis  of 
symmetry,  one  half  of  the  drawing  would  cover  and  correspond 
with  the  other  half.  Some  flowers  are  wholly 
irregular,  showing  no  sort  of  symmetry. 

151.  The  receptacle.  The  parts  of  the  flower 
are  borne  on  a  variously  formed  expansion 
of  the  flower  stalk  known  as  the  recepta- 
cle. Usually,  as  in  Fig.  122,  this  is  only  a 
slight  enlargement  of  the  flower  stalk,  but 
in  the  rose  (Fig.  127),  the  i)ond  lily  (Fig.  137), 
the  magnolia,  the  CalycanthuSy  and  a  good 
many  other  familiar  flowers  it  is  large  and 
conspicuoua 


Fic.  127.   A  rose 
Longitudinal  se(*tion 


After  iM'aisne 


*  Such  flowers  are  also  called  artinomorphic,  meaning  ray-formed. 

*  These  are  called  zygomorphic  flowors  (from  (in»ek  wonls  signifying  yoitc 
9did  form).    In  many  florae  thes^  are  described  as  irre^lar  flowers. 
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152.  The  perianth.  In  dicotyledonous  plants  the  sepals,  or 
divisions  of  the  calyx,  are  commonly  green  and  somewhat  leaf- 
like. The  petals  in  showy  flowers  are  of  many  colors,  ranging 
all  the  way  from  violet  to  red.  Either  whorl  of  the  perianth 
may  be  found  to  have  assumed  some  very  peculiar  fbrm,  to 
carry  out  the  purpose  of  the  flower^  as  is  briefly  explained  in 
Chapter  xxxii. 

Among  the  lower  families  of  angiosperms  the  parts  of  the 
perianth  are  frequently  all  distinct,  as  shown  in  Figs.  122  and 

134.  Among  the  higher  families 
the  members  of  the  perianth  are 
often  borne  upon  a  tubular  or  cup- 
like outgrowth  from  the  recep- 
tacle (Fig.  136,  B),  so  that  the 
sepals  or  petals,  or  both,  appear 
to  have  grown  together  more  or 
less  completely.^ 

When  the  calyx  or  the  corolla 
is  borne  upon  a  tubular,  bowl- 
shaped,  or  other  extension  of  the 
receptacle,  there  are  often  divi- 
sions, teeth,  or  lobes  at  the  rim 
of  the  tube  (Figs.  128,  144,  Appendix)  showing  how  many 
sepals  or  petals  the  flower  possesses.  Special  names  are  given 
to  a  large  number  of  forms  of  the  sympetalous  corolla,  and 
these  are  of  much  use  in  accurate  descriptions  of  seed  plants. 
A  few  of  these  are  illustrated  in  Chapter  xxxii  and  in  the 
Appendix. 


Fig.  128.   YlovferoiHydrophyllum 

cal^  lobe  of  calyx;  cor,  lobe  of  co- 
rolla; St,  stamens;  p,  pistil. 
Modified.  —  After  Lindley 


1  When  the  parts  of  the  perianth  are  distinct  the  calyx  is  said  toheckori- 
sepalous  and  the  corolla  choripetalous ;  other  terms  are  polysepalous  and 
polypetalous.  When  the  receptacle  forms  a  cup-like  or  tubular  outgrowth 
so  that  the  teeth  or  lobes  of  this  alone  are  sepals  or  petals,  the  flower  is  said 
to  be  synsepalous  or  sympetalous ;  other  terms  are  gamosepalous  or  gamopeta- 
Ions.  Choris  means  apart,  poly  means  many,  syn  means  together,  gamos 
means  marriaf^e.  Botanists  have  \intil  recently  ased  such  expressions  as 
**  sepals  united  into  a  tube,"  etc.,  but  these  are  incorrect 
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153.  Form  of  the  stamen ;  union  of  stamens.  Stamens  are 
of  many  specialized  forms,  to  adapt  them  to  their  functions  in 
flowers  of  various  shapes,  but  many  are  of  the  shape  shown  in 
Fig.  129.  Such  a  stamen  consists  of  an  ex- 
panded part,  the  anther,  borne  on  a  stalk 
called  the  Jilament.  Anthers  are  often  nearly 
or  quite  sessile  (seated,  i.e.  destitute  of  fila- 
ments). Inside  the  anther  is  the  powdery  or 
pasty  substance  called  pollen  (Fig.  153). 

Stamens  may  be  wholly  unconnected  with 
each  other,  or  distinct,  as  shown  in  Figs.  122, 
124,  and  128,  or  they  may  be  really  or  ap- 
parently more  or  less  united  to  each  other. 
In  Fig.  130  the  stamens 
have  arisen  separately, 
but  finally  become  joined 
together  by  their  anthers 
(as  is  always  the  case  in 
the  family  Composittv). 
In  other  cases  the  stamens  appear  united 
when  they  are  not  really  so,  because  they 
are  borne  on  a  ring  or  tube  of  tissue,  as 
already  explained  in  connection  with  the 
perianth  (Sec.  152). 

Without  regard  to  whether  the  union  is 
real  or  apparent,  stamens  which  occur  in  a 
single  group  (the  filaments  api)earing  joined) 
are  said  to  be  monadelphous  (Fig.  131),  in 
two  groups,  diadelphous  (Fig.  132),  in  many 
groups,  polyadelphons  (the  terms  meaning 
on"tiie  sides!  — After  one  brotherhood,  two  brotherhoods,  many 
brotherhoods). 

154.  The  carpel.  The  simplest  form  of  the  organ  which  l^ears 
the  structures  called  ovules,  that  are  to  mature  hi  to  seeds,  is 
known  as  the  carpel. 


Fig.  129.   Parts  of 
a  stamen 

A,  front;  /?,  back;  a, 
anther;  c,  connect- 
ive; /,  filament.— 
After  Strasburger 


Fio.  130.  Stamens  of 
a  thistle,  with  an- 
thers united  into  a 
ring 

a,  united  anthers;  /, 
filaments,  bearded 
ou  the  sii 
Baillon 
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In  the  lowest  of  the  two  great  groups  of  seed  plants,  the 
gymnosperms  (meaning  naked  seeds),  to  which  the  pines,  spruces, 
cedars,  and  the  like  belong,  the  ovules  are 
borne  exposed  on  the  surface  of  the  carpels, 
which  usually  have  the  form  of  scales.    But 
in  the  higher  group  of  seed  plants,  the  angio- 
sperms  (meaning  seeds  in  a  vessel),  the  car- 
pels constitute  a  part  of  CEises  or  chambers 
in  which  the  ovules  are  formed  and  which 
are  generally  quite  closed. 
Fig.  131.  Monadel-       ^^S.  The  pistU.   The  term  pistU  (Latin 
phous  stamens  of  for  pestle)  is  applied  to  the  closed  structure 
™*^^^^  which   contains   the 

ovules  and  is  formed  by  the  carpels  of  the 
angiosperms.  Tliis  is  a  more  general  term 
than  carpel,  for  it  applies  to  organs  com- 
posed of  one  or  of  several 
carpels.  If  a  pistil  is  of  one 
carpel  it  is  said  to  be  siinple,  if  of  two  or  more  car- 
pels it  is  compomid. 

The  pistil  often  consists  of  an  enlarged,  hol- 
low portion  containing  ovules  and  known  as  the 
ovary ^  a  stalk-like  style,  and  a  knob  or  ridged 
expansion  called  the  stigma  (Fig.  133).  Not  infre- 
(juently  the  style  is  wantmg  and  the  stigma  is 
sessile  (seated)  on  the  ovary. 

A  flower  may  contain  several  or  many  carpels 
in  the  form  of  simple  pistils  separate  from  one 
another,  as  in   the  stonecropand  the  buttercup 
(Figs.  134,  161).    When  several  carpels  form  a 
compound  pistil  the  manner  and  extent  of  the  union  is  various. 


stig—C:^  \ 


Fig.  132.   Diadelphous 
stamens  of  sweet  pea 


Fig.  133.  Tarts 
of  the  pistil 

ot\  ovary;  ftty, 
style:  stiff, 
stij^ma 


1  The  term  ovary  is  an  nnfortunat-e  one,  since  it  would  seem  to  mean  the 
organ  which  bears  ei^^rs.  Those  who  wish  to  avoid  the  use  of  the  term  may 
substitute  the  word  ovnlary,  proposed  by  Professor  Charles  I^.  Barnes,  or 
may  simply  say  ovule  case. 
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The  union  generally  forms  the  ovary,  although  this  is  sometimes 
developed  in  large  part  as  a  cup-like  or  tubular  growth  from  the 
stem  under  the  carpels.    Sometimes  the  union  is  so  complete 


Fio.  134.  Flower  of  stonecrop 
At  entire  flower;  Z?,  vertical  section.  —  After  Decaisne 

that  the  compound  pistil  has  only  one  style  and  one  stigma ;  but 
frequently  the  styles  remain  separate,  or  the  styles  may  be 
united  and  the  stigmas  separate,  or  at  least  lobed  so  as  to  show 
of  how  many  carpels  the  pistil  is  made  up  (Figs.  123,  124). 
Even  when  there  is  no  external  sign  to  indicate  the  compound 
nature  of  the  pistil,  it  can  usually  be  recognized  from  a  study  of 
a  cross  section  of  the  ovary. 

156.  Locules  of  the  ovary;  placentas.  Compound  ovaries 
very  commonly  consist  of  a  number  of  separate  chambers  known 
as  loctdes}  Fig.  135,  B,  shows 
a  three-loculed  ovary  seen  in 
cross  section.  Tlie  ovules  are 
not  borne  indiscriminately  by 
any  part  of  the  lining  of  the 
ovary.  In  one-loculed  pistils 
they  frequently  grow  in  a  line 
running  along  one  side  of  the 
ovary,  as  in  the  pea  pod  (Fig. 
343).  The  ovule-bearing  line  is 
called  a  placenta ;  in  compound  pistils  there  are  commonly  as 
many  placentas  as  there  are  separate  car^K^ls  joined  to  make  the 


A  ~B^         '    C 

Fkj.  185.   Principal  types  of  placenta 

A,  parietal  placenta ;  /?,  central  placenta; 
C,  free  central  pla<*enta ;  A  and  li,  trans- 
verse sections;  C,  lonjifitudinal  section. 
—  After  Strasbur^er 


1  Often  (less  correctly)  called  fefls. 
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159.  Definition  of  inflorescence  and  flower  cluster.  The  man- 
ner in  which  flowers  are  arranged  on  the  stem  is  known  as 
inflorescence}  Not  infrequently  the  flowering  shoot  bears  only 
a  single  flower,  but  very  generally  among  seed  plants  these 
shoots  are  grouped  into  definite  systems,  which  are  called 
flower  clusters. 

160.  Advantage  of  grouping  flowers.  Flowers  when  clus- 
tered, as  in  Figs.  140-143,  on  special  nearly  leafless  shoots  are 
much  more  conspicuous  than  they  would  be  if  scattered  along 

ordinary  leafy  branches,  and  partly  hidden 
by  the  leaves.  This  is  a  decided  advantage 
in  securing  many  visits  from  insects  which 
carry  pollen  from  plant  to  plant  (Chapter 
.^1^^^^  xxxii)  and  leads  to  a  more  abundant  pro- 
^/^ '^^^^^      duction  of  seed. 

161.  Regular  positions  for  flower  buds. 
Flower  buds,  like  leaf  buds,  occur  regularly 
either  in  the  axils  of  leaves  or  at  the  end 
of  the  stem  or  branch,  and  are  therefore 
either  axillary  or  terminal  (Sec.  168). 

162.  Axillary  and  solitary  flowers ;  inde- 
terminate inflorescence.  The  simplest  pos- 
sible arrangement  for  flowers  which  arise 
from  the  axils  of  leaves  is  to  have  a  single 

flower  spring  from  each  leaf  axil.    Fig.  139  shows  how  this 
plan  appears  in  a  plant  with  opposite  leaves.    As  long  as  the 

1  Sometimes  (but  less  correctly)  the  word  inflorescence  is  used  to  mean 
flower  cluster. 

182 


Ym.  139.  Axillary 
and  solitary  flowers 
of  pimpernel 
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Fig.  140.  Raceme  of 
common  red  currant 

p,  i>eduncle ;  p\  pedicel ;  6r,  bract 


atem  continues  to  grow  the  production  of  new  leaves  may  be 
followed  by  that  of  new  flowers.  Since  there  is  no  definite 
limit  to  the  number  of  flowers  which  may  appear  in  this  way, 
the  mode  of  flowering  just  de- 
scribed (with  many  others  of 
the  same  general  character)  is 
known  as  indeterminate  inflo- 
rescence, 

163.  The  raceme  and  re- 
lated forms.  If  the  leaves 
along  the  stem  were  to  become 
very  much  dwarfed  and  the  flowers  brought  closer  together, 
^  they  frequently  are,  a  kind  of  flower  cluster  like  that  of 
the  currant  (Fig.  140)  or  the  lily  of  the  valley  would  result. 
Such  an  inflorescence  is  called  a  racerne ;  the  main  flower 
stalk  is  known  as  the  peduncle;  the  little  individual  flower 

stalks  are  pedicel Sy  and  the  small, 
more  or  less  scale-like  leaves  of 
the  peduncle  are  bracts. 

Frequently  the  lower  pedicels 
of  a  cluster  on  the  general  plan  of 
the  raceme  are  longer  than  the 
upper  ones  and  make  a  somewhat 
flat-topped  cluster,  like  that  of  the 
hawthorn,  the  elder,  the  sheep  lau- 
rel, or  the  trumpet  creeper.  This 
is  called  a  corymb. 

In  many  cases,  for  example  the 
parsnip,  the  sweet  cicely,  the  gin- 
seng, and  the  cherry,  a  group  of  pedicels  of  nearly  equal 
length  spring  from  about  the  same  point.  This  produces  a 
flower  cluster  called  the  umbel  (Fig.  141). 

164.  Sessile  flowers  and  flower  clusters.  Often  the  pedicels 
are  wanting,  or  the  flowers  are  sessile,  and  then  a  modification 
of  the  raceme  is  produced  which  is  called  a  spike,  like  that  of 


Fio.  141.  Simple  umbel 
of  cherry 
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ihe  plantain  (Fig.  142).  The  willow,  alder,  birch, 
p:-plar.  and  many  other  common  trees  bear  a  short, 
fiexible.  rather  scaly  spike  (Fig.  143),  which  is  called 

The  axis  of  the  inflorescence  is  often  so  much  short- 
ened as  to  bring  the  flowers  into  a  somewhat  globular 
x»     niASiS^    This  is  called  a  hrad  (Fig.  142).    Around  the 

base  of  the  head  usually  occurs 

*^*  ^^Ik  *  circle  of  bracts  known  as  the 

5;^^  ojftj  involucre.    The  same  name  is 

^-^^^Jf^ihmLm^       given  to  a  set  of  bracts  which 

^^    r^^5^^*v     often  surround  the  bases  of  the 

I       \  pedicels  in  an  umbeL 

\  '  J       165.  The  composite  head.  The 

^  plants  of  one  large  group  —  of 

which  the  dandelion,  the  daisv, 
rv=  :4i  S5>ik*of  rUBi^n«>d     ^^^  ^^^^^^     ^^  ^.^^  sunflower 

are  well-known  members  —  bear 
;heir  f.ower?  in  olose  involucrate  heads  on  a  common  recep- 
tacle. The  whole  cluster  looks  so  much  like  a  single  flower 
th,>:  i:  is  usually  taken  for 
one  :  y  nor.-lv:an:oal  p-eople. 
In  n.Ar.y  v"t  the  l;iTv??st  and  ^^^  yj 
:::v^>:  sh.  \vy  heAvis.  like  that 
.:  :he  sunflower  and  the 
,:a:>>  .  there  ,\re  two  kinds 
.:  ::.\\ors, — the  •*?> /',>ir^r«. 
.\r.  u::i  the  ::.;-T^in,  and  the 
tuV  ul.r  '*  <;  -:'  .  >  ->  v^f  the  in-  jm 

u--  :i  ;ho  he,\vi  yFig.  144),  j  ^ 

Vht  ;\trl\  l\t;inists  supposed  ^      ,.0    ^    ^       *    .„ 

,     .       .  *  *  Fio.  148.  Catkins  of  willow 

:^;^  \\r...e   r.ower  cluster  to  . 

,  ,  -4, sUmioat© flowers;  B,  pistillate  flowers 
.V  A  >,:.i:.c  .on.ivuna  flower. 

\m<  \\luf  cAve  rise  to  the  name  of  one  family  of  plants, 

•  y  >  ^   —  'vhat  is,  plants  with  compound  flowers.    In  such 
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Fig.  144.    Head  of  yarrow 

A,  top  view  (magnified);  7?,  lenjcthwise  section  (maKnified);  re,  receptacle;  t, 
iiivoluorc;  r,  ray  flowers;  V/,  disk  flowers;  c,  corolla;  «,  stignia;  ch,  chaff,  or 
bracts  of  receptacle 


Fk;.  145 
ranicle  of  oat 


Fio.  140.   Compound  umbel 
of  carrot 


heads  as  those  of  the  tansy,  the  thistle,  the  cudweed,  and  the 
everlasting,  there  are  no  ray  flowers,  and  in  others,  like  those  of 
the  dandelion  and  the  chicory,  all  the  flowers  are  ray  flowers. 
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166.  Compound  flower  clusters.  If  the  pedicels  of  a  raceme 
branch,  they  may  produce  a  compound  raceme,  or  panicle,  like 
that  of  the  oat  (Fig.  145).^  Other  forms  of  compound  racemes 
have  received  other  names. 

All  umbel  may  become  compound  by  the  branching  of  its 
flower  stalks  (Fig.  146),  each  of  which  then  bears  a  little  umbel, 
called  an  umhelleL 

167.  Inflorescence  diagrams.  -  The  plan  of  inflorescence  may 
readily  be  indicated  by  diagrams  like  those  of  Fig.  147. 


A  B  C  D 

Fig.  147.    Diagrams  of  inflorescence 
A^  panicle;  /?,  raceme;  (',  spike;  i>,  head;  J?,  umbel 

168.  Terminal  flowers ;  determinate  inflorescence.  Tlie  ter- 
minal bud  of  a  stem  may  be  a  flower  bud.  In  this  case  the 
direct  growth  of  the  stem  is  stopped  or  determined  by  the 
appearance  of  the  flower ;  hence  sucli  i)lants  are  said  to  have  a 
dcU'.rmimtte  injlorescencc.  The  simplest  possible  case  of  this 
kind  is  that  in  which  the  stem  bears  but  one  flower  at  its 
snmiiiit. 

169.  The  cyme.  Very  often  flowers  appear  from  lateral 
(axiUarv)  l)uiLs,  bdow  tlie  terminal  flower,  and  thus  give  rise  to 
a  flower  chister  called  a  cuine.  Tliis  may  have  only  three  flowers, 
and  in  tluit  case  would  look  very  much  like  a  three-flowered 

1  Paiiic'les  may  also  be  formed  by  comi>ound  cymes  (see  Sec.  169). 
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umbel.  But  in  the  iiideterminate  inflorescence,  such  as  the 
raceme,  corymb,  and  uml)el,  the  order  of  flowering  is  from  helovr 
upward,  or  from  the  outside  of  the  chister  inward,  because  the 
lowest  or  the  outermost  flowers  are  the  oldest,  while  in  deter- 
minate forms  of  inflorescence  the  central  flower  is  the  oldest, 


Fk;.  148.   Comi)()iiiul  cymv  of  in<uise-<?ar  duckweed 
/,  the  terminal  (ol(Ie»t)  tlower 

and  therefore  the  order  ()f  blossoming  is  from  the  center  out- 
wards. Cymes  are  very  commonly  cominmnd,  like  those  of 
the  elder  and  of  many  jJants  of  the  pink  family,  such  as  the 
sweet  William  ami  the  mouse-ear  cliickweed  (Fig.  148).  They 
may  also,  as  already  mentioned,  be  j)anicled,  thus  making  a 
cluster  much  like  Fig.  147,.!. 


CHAPTER  XV 

ORIGIN  AND  STRUCTURE  OF  FLORAL  ORGANS;  POLLINATION 
AND  FERTILIZATION 

170.  The  flower  a  shortened  and  greatly  modified  branch. 

In  Chapter  ix  the  leaf  bud  was  explained  as  being  an  unde- 
veloi)ed  branch,  which  in  its  growth  would  develop  into  a  real 
branch  (or  a  prolongation  of  the  main  stem).  Now,  since  flower 
buds  appear  regularly  either  in  the  axils  of  leaves  or  as  terminal 


Fig.  140.   Transition  from  bracts  to  sepals  in  a  cactiLs  flower 

buds,  there  is  reason  to  regard  them  as  of  a  nature  similar  to 
leaf  l)U(ls.  This  would  imply  that  the  receptacle  corresponds  to 
the  axis  of  the  buds  shown  in  Fig.  St^y  and  that  at  least  some 
of  the  parts  of  the  flower  correspond  to  leaves.  There  is  plenty 
of  evidence  that  this  is  really  true.  Sepals  frequently  look  very 
much  like  leaves,  and  in  many  cactuses  the  bracts  about  the 
flower  are  so  sei)al-like  tliat  it  is  impossible  to  tell  where  the 
Imicts  end  and  the  sepals  begin  (Fig.  149).  The  same  thing  is 
true  of  sei)als  and  petals  iu  such  flowers  as  the  white  water  lily. 
In  this  flower  there  is  also  a  remarkable  series,  ranging  all  the 
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way  from  petals  tipped  with  a  bit  of  anther,  through  stamens 
with  a  broad  i)etal-like  filament,  to  regular  stamens,  as  is  shown 
in  Fig.  150,  A,  B,  C,  I).  The  same  thing  is  shown  in  many  double 
roses.  In  completely  double  flowers  the  stamens  and  pistils  are 
transformed  into  petals  by  cultivation.  In  the  flowei-s  of  the 
cultivated  double  cherry  the  pistils  occasionally  take  the  form 
of  small  leaves,  and  some  i*oses  turn  wholly  into  green  leaves. 

Summing  up,  then,  we  know  that  flowers  are   altered  and 
shortened  branches,  (1)  because  flower  buds  have,  as  regards 


Fir,.  IfjO.   TninsitioiiH  froui  petals  to  HtanieiiK  in  white  water  lily 
Af  Hj  (.\  I),  various  steps  between  iH'tal  and  stamen.  —  After  nrown 

IKwition,  the  same  kind  of  origin  as  leaf  buds;  (2)  l)t»<*ause  all 
the  inU»rmediate  stej)S  are  found  between  l)racts  on  the  one 
hand  and  i)etals  on  the  other. 

171.  Development  of  the  anther.  If  the  development  of  an 
anther  is  followed  throughout,  it  will  be  found  at  an  early  stage 
to  contain,  usually,  four  regions,  where  raj)id  cell  division  is 
going  on,  which  l)ecome  organized  into  i)ollen  sacs.  These  ('avi- 
ties  (Fig.  151)  are  filled  with  pollen  grains  and  finally  merge  into 
two  p)llen  chambers  wliicli,  in  the  commonest  tyi>e  of  anther, 
split  oj)en  lengthwise  to  allow  the  es('ji]>e  of  the  pollen. 

172.  Relation  of  stamens  and  carpels  to  structures  in  the 
lower  plants.  The  exact  significance  of  the  stamens  and  car- 
I)els  as  organs  of  the  plant  body  set  apart  for  the  i)uriM)se  of 
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Fig.  loi.   Cross  section  of  anther 
of  mint 


reproduction  can  only  be  understood  by  means  of  a  study  of 
certain  fonns   in  the  fern  group,  or  pteridophytes ;  for  these 

structures  had  their  origin  in 
connection  with  the  develop- 
^'-a  ment,  from  simpler  conditions 
among  the  fern  group,  of  the 
habit  of  producing  seeds.  The 
subject  is  treated  at  some 
length  ui  Part  II,  Cliapters 
XXVI  to  XXX  mclusive.  , 
173.  The   anther   and  its 

«,  pollen  8«acs,  with  grains  of  pollen ;    COntentS.     SonTe  of  the  sliapeS 
d,  groove  along  which  the  anther  will      .    «nthprs     mav    hp     learnwl 

split  open.    Somewhat  magnified.  —  ^^   aniners    may   DC    learned 

After  Bonnier  and  Sahlon  from  FigS.  129,  130,  and  152.^ 

The  shape  of  the  anther  and  the  way  in  which  it  opens  depend 
largely  upon  the  manner  in  which  the  pollen  is  to  Ije  discharged 
and  how  it  is  carried  from  flower  to  flower.  The  commonest 
method  is  that  in  which  the 
anther  cells  split  lengthwise,  as 
in  Fig.  152,  A.  A  few  anthers 
0})en  by  traiKloor-like  valves,  as 
in  By  and  a  larger  number  by 
little  holes  at  the  toj),  as  in  C. 

The  pollen  in  many  jjlants 
with  inconspicuous  flowers  (as 
the  evergreen  cone-bearing  trees, 
the  grass(\s,  rushes,  and  sedges) 


i 

) 

Fic;.  ir)2.   Modes  of  discharging 
pollen 

A,  by  longitndinal  silts  in  the  an- 
ther colls  (amaryllis) ;  B,  by  nplift- 
ing  valves  (harl)erry) ;  C,  by  a  pore 
at  the  top  of  oach  anther  lobe  (night- 
shade). —  After  Baillon 


is  a  tine,  dry  ])()W(ler.  In  plants 
witli  sliowy  flowers  it  is  often 
somewhat  sticky  or  pasty.  Tlie 
forms  of  ])olleu  grains  are  ex- 
tremely various.  Fig.  153  will  serve  to  furnish  examples  of 
some  of  the  slia])es  whicli  the  grahis  assume;  c  in  that  figure 
is  ])eriia])s  as  common  a  form  as  any.  Each  pollen  grain 
1  See  Keriier  and  Oliver.  Natural  History  of  PUoits,  Vol.  II,  pp.  86-05. 
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consists  mainly  of  a  single  cell,  and  is  covered  by  a  moderately 
thick  outer  wall  and  a  tliin  inner  one.  Its  contents  are  thickisli 
protoplasm,  full  of  little  opaque  particles  and  usually  containing 


b  c 

Fig.  153.  Pollen  grains 

a,  pumpkin;  6,  enchanter's  nightF>hade ;  c,  Alhuca ;  d,  pink;  e,  hibiscus.   Very 
greatly  magnified.  —  After  Kerner 

grains  of  starch  and  small  drops  of  oil.  During  the  germination 
of  a  pollen  gram  the  outer  coat  bursts  at  some  pomt,  forced  out- 
ward by  the. pressure  of  a  tube  formed  from  the  tough  inner  coat. 
Sometimes,  as  in  Fig.  163,  h,  there  are  knobs  or  other  indications 
of  the  places  at  which  the  outer  coat 
is  most  easily  ruptured.  After  the  tube 
has  pushed  its  way  out  it  contmues  to 
elongate  rather  rapidly. 

174.  Microscopical  structure  of  the 
stigma  and  style.  Under  a  moderate 
power  of  the  microscope  the  stigma  is 
seen  to  consist  of  cells  set  irregularly 
over  the  surface,  and  secreting  a  moist 
liquid  to  which  the  |K)llen  grains  ad- 
here (Fig.  154).  lk»neath  these  suj)er- 
ficial  cells  is  spongy  parenchyma,  which 
runs  down  thijougli  the  style,  if  tluMc  is 
one,  to  the  ovary.  In  simie  pistils  the 
pollen  tube  proceeds  through  the  cell  walls,  whi<*h  it  .softrns  by 
means  of  a  substance  which  it  exudes  for  that  j)ur]>ost*.  In  other 
cases  (Fig.  165)  there  is  a  canal  or  passage  along  whi<*h  the  iM)llen 
tube  travels  on  its  way  to  the  ovule. 


Fi<;.  154.   Stigma  <jf  tlioni 
apple   (Uatura)^   with 

polhMi 

Ma;;nifie<l.  —  Aftrr  Faj^net 
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175.  Pollination.  The  transference  of  pollen  from  anthers  to 
stigmas  is  called  pollination.  In  the  case  of  plants  with  dry, 
dust-like  pollen  this  is  generally  due  to  the  action  of  the  wind. 
Moist,  sticky  pollen  is  generally  carried  by  some  kind  of  animal, 
usually  by  insects.    The  subject  of  pollination  is  so  important, 

especially  in  relation  to  the  visits  of 
insects,  that  it  needs  a  chapter  by 
itself  (see  Chapter  xxxii). 

176.  Fertilization.  By  fertiliza- 
tion in  seed  plants  the  botanist 
means  the  union  of  a  male  sexual 
nucleus  from  a  pollen  grain  with  the^ 
female  nucleus  of  the  egg  cell  at  the 
apex  of  the  embryo  sac  (Fig.  157). 
This  process  gives  rise  to  a  cell 
which  contains  protoplasm  derived 
from  the  pollen  tube  and  from  the 
egg  cell.  In  many  plants  the  pol- 
len, in  order  best  to  secure  fertiliza- 
tion, must  come  from  another  plant 
of  the  same  kind,  and  not  from  the 
individual  which  bears  the  ovules  to 
be  fertilized. 

Pollen  tubes  (Fig.  156)  begin  to 
form  soon  after  pollen  grains  lodge  on 
the  stigma.  The  time  required  for 
the  process  to  begin  varies  in  differ- 
ent kinds  of  plants,  requiring  in  many  cases  twenty-four  hours 
or  more.  The  length  of  time  needed  for  the  pollen  tube  to  make 
its  way  throu^'h  the  style  to  the  ovary  dei)ends  upon  the  length  of 
the  style  and  other  conditions.  In  the- crocus,  which  has  a  style 
several  inches  long,  the  descent  takes  from  one  to  three  days. 

Finally  the  tube  penetrates  the  opening  at  the  apex  of  the 
ovule  (Fig.  157,  )ii),  called  the  micropi/lc  (meaning  little  gate), 
and  transfers  a  male  nucleus  into  the  q^^'^^  cell. 


Fig.  156.   Pollen  grains  produ- 
cing tubes,  on  stigma  of  a  lily 

g,  pollen  grains;  ^  pollen  tubes; 
p,  papilhb  of  stigma;  c,  canal 
or  passage  running  toward 
ovary.  Much  magnified. — 
After  Dodel-Port 
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177.  Nature  of  the  fertilizing  process.  The  necessar}'  feature 
of  the  process  of  fertilization  is  the  union  of  the  essential  contents 
of  two  cells,  especially  the  nudei,  to  form  a  new  one  from  which 
the  future  plant  is  to  spring.  This  kind  of  union  also  occurs  in  all 
the  lower  plants  (Chapters  xx-xxxi),  resulting  in  the  formation  of 
a  spore  capable  of  growing  into  a  complete  plant  like  that  which 


Fio.  16(J.  (ieriii  I  nation  of  ihe  pollen  grain  of  an  angioHiKjmi 

A,  inner  coat  of  the  pollen  grain  <liHtendi><l  l)y  osmosis  from  contact  with  the  moist 
stigma,  and  protrnding  sligtitty  at  the  inint  i;  7/,  the  iM)llen  tube  beginning 
to  form;  C,  the  i)ollen  tube  more  elongatiMl,  with  the  tube  nucleus  t  at  its  tip, 
the  generative  cell  g  having  l)ogun  to  enttr  the  tube;  />,  the  ]M>llen  tube  still 
farther  elongate<l ;  E,  the  division  of  the  nucleus  of  the  generative  cell  to  form 
the  two  sperm  nuclei  s\  and  ^a;  ^\  the  sperm  trells  8\  an<l  k^  Xully  fornie<l, 
and  the  tube  nucleus  t  breaking  down ;  (i,  the  tul>e  nucleus  has  disappeared, 
and  the  8|)erm  cells  are  about  to  be  dis<>harg(Nl  near  the  tip  of  the  jwllen  tube. 
Somewhat  diagrammatic  and  much  magnitied.  —  After  Bonnier  and  Sablon 

produced  it.    It  is  a  sexual  act  and  can  be  studied  mu(!h  l)etter  in 
some  of  the  algie,  mosses,  and  ferns  than  in  see<l  ])lants. 

178.  Development  of  the  embryo.  After  fertilization  the 
egg  cell  finally  develoj)s  the  embryo  of  the  future  seed.  This 
formation  of  the  embryo  is  always  a  comjJicated  process  and 
varies  nmch  hi  different  groups  of  seed  plants.    Briefly  stated, 
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the  process  iii  angiospernis  is  as  follows.    The  ^g  cell  (Fig. 

158,  A)  some  time  after  fertilization  forms  a  transverse  partition 

and  is  thus  divided  into  two 
cells,  one  of  which  (Fig.  158, 
B,  s)  is  to  form  the  slender 
suspensor  of  the  embryo 
(which  serves  various  pur- 
poses, such  as  forcing  the 
embryo  into  the  nutritive 
tissue  of  the  seed,  absorb- 
ing food  from  the  wall  of  the 
ovary,  or  storing  food  for 
the  growmg  embryo)  and  the 
other  («)  is  to  form  the  embryo 
itself.  These  cells  in  turn 
suWivide,  as  shown  in  C,  /), 
and  E,  The  whole  pear- 
shaped  body  in  parts  B-E  is 
called  the  pro^mhryOy  and 
this  continues  to  grow  and 
it^  cells  to  subdivide  until 
its  structure  becomes  highly 
,.       ,       ,  ,         ,.       complex.    Finallv  it  con- 

of  ovule: /).  iM)!!. '11  tuix' prooordinj;  from    tiiins  many  sharply  defined 

on«;  of  the  pollen  jiraius  on  tl»(^  sti^mia ; 
c,  the  place  where  the  two  eojits  of  the 
ovule  hletni.  (Tho  kind  of  ovuli;  hero 
shown  is  inverteil,  its  openiuix  "^  bcini^ 
at  the  lM»tt<)in.  an<]  the  stalk  /adhering? 
alon:;  one  side  of  tho  /)vnle.)  a  to  p,  om- 
l)ry«»  sac.  full  of  protopla^^ni :  a,  so-<'alle<l 
antipodal  cells  of  cmhryo  sac:  /?,  central 
nucleus  of  the  cmhryo  sac:  r.  nucleated 
ctdls.  one  of  which,  tlie  c^^l;  c(dl,  roccivos 
the  male  nucleu'^  (.f  the  ixdlcn  tube:  /.  fu- 
niculus <„•  stalk  of  ,.vule :  m.niicropyioor  many  pollen  OTains  are  lost 
oi)eninu'  into  the  ovule. —  After  T>nerssen        ,       *      .  _ 

tliat  plants  produce  many 
iiion*.  of  tluMii  tlinn  they  do  ovules.  Tlie*  ratio,  however,  varies 
greatly.    In  llir  night-bLxuning  cereus  there  are  about  250,000 


Fic; 


157.   DiuLrniininatic   representation 
of  fertilization  of  an  ovnle 


regions  which  gradually  de- 
velop into  the  several  organs 
of  the  full-grown  embryo. 

179.  Number  of  pollen 
grains  to  each  ovule.  Only 
one  pollen  grain  is  necessary 
to  fertilize  each  ovule,  but  so 
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pollen  grains  for  30,000  ovules,  or  rather  more  than  8  to  1 ; 
in  the  common  garden  wistaria  there  are  about  7000  pollen 
grains  to  ever}'  ovule,  and  in  Indian  com,  the  cone-bearing 
evei-gi-eens,  and  a  multitude  of  other  plants,  there  are  many 


Fig.  168.   First  stances  in  the  development  of  the  egg  cell  of  the 
European  ivy  (Hedera  Helix) 

A,  egg  cell.  /?;  «,  cell  which  will  form  the  suapensor;  f»,  cell  which  will  form  the 
embryo.  C,  showing  first  subdivision  of  the  suspensor-forming  cell ;  J),  show- 
ing sulNlivision  of  the  embryo-forming  cell ;  A",  sluiwing  sulMlivision  of  lK»th 
regions,  slightly  more  advanced.  —  After  Bonnier  and  Sablon 

times  more  than  7000  to  1.  These  difTerences  depend  upon  the 
rocxle  in  which  the  pollen  is  c^irried  from  the  stamens  to  the 
pistil.  Plants  which  are  pollinati^d  by  the  wind  must  produce 
far  more  i)ollen,  to  allow  for  inevitable  waste,  than  those  which 
are  self-pollinated,  or  iH>llinated  by  insects  (Chapter  xxxii). 


CHAPTER  XVI 


THE  FRUIT  ^ 


180.  What  constitutes  a  fruit.  It  is  not  easy  to  make  a 
short  and  simple  definition  of  what  botanists  mean  by  the  term 
fruit  It  has  very  little  to  do  with  the  popular  use  of  the 
word.  Briefly  stated,  the  definition  may  be  given  as  follows :  The 
fruit  of  a  seed  plant  consists  of  the  matured  ovary  and  contents, 
together  with  any  intimately  connected  2mrts.  Botanically  speak- 
ing, the  bur  of  beggar's  ticks  (Fig.  344),  the 
three-cornered  grain  of  buckwheat,  and 
such  true  grains  as  wheat  and  oats  are  as 
much  fruits  as  is  an  apple  or  a  peach. 

181.  Classes  of  fruits^   Fruits  may  l)e 
divided    into    four     classes    as    follows: 
(a)  unipistillary  fruits,  those  which   re- 
sult from  the  ripening  of  a  smgle  pistil ; 
(h)   aggrcfjate  fruits,  those  which    residt 
Kk;.  151).  ciroup  of  fol-  ^^'^"^  ^'^^  rii)ening  of  a  cluster  of  cari)els 
licle^s   and    a   single  of  one  flower,  massed  together;  (c)  accAis- 
follicle  of  the  monks-  sory  fruits,  those  in  which  the  main  bulk 
of  the  fruit  consists  of  something  else  be- 
a^ue  ^.^^^^  ^^^^  carpels, —  e.g.  calyx  or  receptacle, 

—  added  to  a  simple  or  an  aggi-egate  fruit ;  {d)  multiple  or  col- 
lective fruits,  those  whicli  result  from  the  combination  of  the 
ripened  instils  of  two  or  more  flowers  into  one  mass. 

182.  Forms  of  unipistillary  fruits :  the  capsule.  This  is  a 
(Irv  fruit,  s])litting  open  {dehiscing)  to  allow  the  seeds  to  escape. 
C,'ai)sules  of  simple  pistils  may  eitlier  open  along  one  line,  as 

J  See  Gray,  Structural  Botany,  chap,  vii,  also  Kemer  and  OUver,  Natural 
History  of  Plants,  Vol.  II,  i>p.  227-488. 
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in  the  follicles  of  monkshood  (Fig.  169),  or  along  two  lines, 
as  in  the  Icfjumes  of  the  jiea  (Fig.  343).  Many  capsules  result 
from  the  ripening  of  compound  pistils,  as  the  poppy,  DaturUy  or 
jimson  weed  (Fig.  343),  and  crocus 
(Fig.  166,  I,  ^). 

The  schizocarp.  This  is  a  Ary 
fruit,  breaking  into  pieces  which  do 
not  sj)lit  o|)en,  the  name  meaning 
breaking  fruit  (Figs.  160,  166,  II). 

The  akene,  (jrai)i,  and  nut,  Tliese 
are  dry  fruits  wliich  never  split 
oj)en  (indehiscent  fruits). 

lender  the  general  name  akciie 
are  groui)ed  several  ty|)c*s  of  fruits. 
Many,  like  those  of  Fig.  161,  are  small  one-seeded  carpels. 
Another  large  group,  the  fruits  of  the  family  Coiriponita:,  has 
akenes  whicli  result  from  the  rij>ening  of  an  inferior  ovary,  fre- 
quently crowned  by  the  limb  of  the  calyx  (Fig.  166,  III). 


Fig.  1(W).  Schizocarp  of  maple 
After  Fagiiet 


A  n 

Fk;.  101.   Akenes  of  a  buttercup 

At  head  of  akenes;    B,  Mention  of  a 
nin^lc  akeno  (inagnitie<I) ;  a,  seed 


Fu;.  1«2.   ChestnutJ* 


Cirains,  such  as  com,  wheat,  oats,  barley,  rice,  and  so  on,  have 
the  interior  of  the  ovary  comjJetely  lilled  by  the  si^ed,  an<l  tlie 
.m»ed  (Mwits  and  the  wall  of  the  ovary  are  firmly  united,  as  shown 
in  Fig.  3.  Naturally,  tlierefore,  they  are  ])opularly  supj)osed  to 
1k^  set><ls  and  are  always  so  called  by  non-lM)tanical  people. 
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A  nut  (Fig.  162)  is  larger  than  an  akene,  usually  has  a 
harder  shell,  and  commonly  contains  a  seed  which  springs  from 

a  ghigle  ovule  in  one   locule 

of  a  compound  ovary,  which 

develops  at  the  expense  of  all 

the  other  ovules.  The  chestnut 

bur  is  a  kind  of  involucre,  and 

-  'S     so  is  the  acorn  cup.    The  name 

nut    is    often   incorrectly  ap- 

"  "^     plied  in  popular  language  ;  for 

^        example,  the  "  Brazil  nut"  is 

really  a  large  seed  with  a  verj- 

hard  testa. 

183.  The  berry.   Tliis  is  a 


Fig.  103.   Cress  section  of  an  orange 
a,  axis  of  fruit,  with  dots  showing  cut-off 


ends  of  rtbro-vascular  bundles ;  p,  par-  generally     flesliy    fruit,    wllich 
tition  between  cells  of  ovary ;  "S,  seed ;  n       j  .  tj. 

Cloculeofovarylilledwithapulpcom-  USUally    doeS    not    Split    OlXiU. 

posed  of  irregular  sacs  full  of  juice;  Such    berries    aS    the    tomato, 
o,  oil  reservoirs  near  outer  surface  of  ,  , 

rind;  e,  corky  layer  of  epidermis,-  grape,   aud    persimmon    result 

AfterDecaisne  fy^ji^^  ^lic  ripening  of  a  Supe- 

rior ovary.  Those  of  the  gooseberry,  currant,  and  many  others 
result  from  half-inferior  or  inferior 
ovaries,  and  therefore  a  consider- 
able part  of  the  bulk  of  the  fruit 
is  rece])taclo.  The  leathery- 
skinned  fruit  of  the  orange  family 
is  a  true  berry. 

Tlie  fruit  of  the  apple,  pear,  and 
quince  is  culled  a  pome.  It  con- 
sists of  a  sevcral-loculed  ovary, — 
the  seeds  and  the  toui^di  inenibrane 
surrounding  tlieni  in  the  core, — 
iiu'losed  by  a  ilesliy  edible  portion 
wbicli  makes  u])  tlie  nuiin  bulk  of 
the  fruit.  In  the  apple  and  the  i>ear  much  of  the  fruit  is 
receptacjle. 


Fk;.  1()4.   Peach.    Longitudinal 
section  of  drupe 

After  Decaisne 


AGGREGATE  AND  ACCESSORY  FRUITS 


149 


In  the  squash,  pumpkin,  and  cucumber  the  ripened  ovary, 
together  with  the  receptacle,  makes  up  a  peculiar  fruit  (with  a 
firm  outer  rind)  known  as  the  j[>epo.  The  relative  bulk  of  the 
greatly  enlarged  hollow  receptacle  and  of  the  ovary  in  such 
fruits  is  not  always  the  same. 

The  drupe.  This  fruit  is  often  fleshy,  and  usually  does  not 
split  open.  The  pericarp,  or  wall  of  the  riiKuied  ovary  (meaning 
round  al)out  and  fruit),  consists  of  an  outer  fleshy  (or  fibrous 
or  leatheiy)  layer,  the  exocarp,  and  an  inner,  somewhat  hard  or 
stony  layer,  the  eiuiocarp.  In  common  language  the  endocarp 
with  its  contained  seed  is  called  a  "stone";  hence  drupes  are 
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Fig.  106 
Af  strawberry ;  /?,  raspberry ;  (\  iniill)orry.  —  Aftor  Fu^uet 

often  known  as  stone  fruits.  Most  (lrui)es,  as  in  the  case  of  the 
peach  (Fig.  164),  cherry,  plum,  cocoanut,  and  wahuit,  are  one- 
stoned  and  one-seeded. 

184.  Aggregate  fruits.  The  rasp))erry  (Fig.  1 0."),  />), blackberry, 
and  similar  fruits  consist  of  many  carjM'ls,  eacli  of  which  rijKMis 
into  a  i>art  of  a  comjHjund  mass  which,  for  a  time  at  least,  clings 
to  the  receptacle.    The  whole  is  called  an  ayuregate  fruit, 

185.  Accessory  fruits.  N()tinfre([ucntly,  as  in  the  strawk»rry 
(Fig.  165,^),  the  main  bulk  of  the  so-call(Ml  "fruit"  consists 
rather  of  the  receptacle  than  of  the  rijitMicd  ovary  or  its  api)end- 
ages.    Such  a  combination  is  called  an  anrssnr//  fn/ii. 

186.  Multiple  fruits.  The  fruits  of  two  or  more  flowers  may 
blend  into  a  single  mass,  known  as  a  multiple  fruiL    Perhaps 
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the  best-known  edible  examples  of  multiple  fruits  are  the  mul- 
berry (Fig.  165,  C)  and  the  pineapple.  The  last-named  fruit  is  an 
excellent  instance  of  the  seedless  condition  which  often  results 
from  lonjQf-continued  cultivation. 


Fk;.  IOC).    Comparative  sections  of  fruits 

capsule:  A,  unilocular  licpioricc^  juxl,  cross  section  (magnified);  B^  trilocular 
crocus  iMxi,  cross  section  (niaj^uified).  II,  schizocarp,  double  fruit  of  poison 
hemlock  (Co/n' ?///«),  cross  section  (niapiified) ;  III,  akenc  of  arnica,  longitudinal 
section  (uia.i^uitied) ;  IV,  berry  of  pepiK»r  (('apsicum)^  cross  section  (reduce<l) ; 
V,  drupe  of  cocoanut,  longitudinal  section  (reduced) ;  VI,  aggregate  and  acces- 
sory fruit  of  ])lackberry,  louijitudinal  section  (reduced).  —  I-IV,  after  Schmidt; 
V,  after  Dccaisne;  VI,  (nioditied)  after  Gray 

,  limb  of  calyx:  en,  endocarp;  er,  excx'arp;  /),  pericarp;  pa,  partition  between 
locub^s;  r,  receptacle:  s,  seed 


Part  II 

THE  MORPHOLOGY,  EVOLUTION,  AND 
CLASSIFICATION  OF  PLANTS 

CHAPTER  XVII 

THE  PRINCIPLES  OF  MORPHOLOGY,  EVOLUTION,  AND 
CLASSIFICATION 

187.  Morphology.  Morphology  treats  of  the  form  and  struc- 
ture of  a  plant  or  animal.  The  lowest  organisms  have  a  simple 
morphology,  but  the  higher  plants  anil  animals  are  made  up 
of  many  parts  or  oryanSy  and  conse<|uently  their  morphology 
is  very 'complex.  Organs  are  structures  set  apart  or  developed 
for  a  definite  kind  of  work.  Thus  the  roots  of  a  jJant  are  organs 
usually  employed  to  attach  tlie  plant  to  the  ground  in  order  that 
it  may  absorl)  soil  moisture. 

One  dei)artment  of  morphology  (comparative  morphology) 
deals  with  tlie  various  forms  or  disguises  which  the  same  sort 
of  organ  may  take  in  ilifTerent  kinds  of  plants,  and  compares 
these  structures  with  one  another.  For  example,  the  foliage  leaf 
is  a  well-defined  organ  which  can  be  recognized  at  a  glance ;  but 
it  requires  some  study  to  understand  that  the  scales  on  the  bud 
and  around  an  onion,  and  also  some  forms  of  spines  and  tendrils 
are  morphologic^ally  leaves,  that  is  are  leaves  variously  modified. 
Ikcause  all  of  these  structures  are  related  to  one  another  they 
are  called  liainologotiSy  and  morphology  studies  the  homoloyies,  or 
relationships,  of  organs.  Comparative  morphology  is  one  of  the 
most  interesting  subjects  of  biological  study,  since  it  furnishes 
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the  basis  for  the  established  belief  in  the  evolution  or  develop- 
ment of  the  higher  plants  and  animals  from  simpler  forms. 

188.  Classification.  The  classifications  of  animals  and  plants 
are  attempts  to  express  the  actual  kinships,  or  what  among 
human  beings  are  called  blood  relationships,  which  are  believed 
to  exist  among  them.  To  illustrate  the  principles  of  classifica- 
tion let  us  consider  the  position  of  the  pines  among  plants.  All 
of  the  pines  have  for  their  fruit  a  scaly  cone  whose  seeds  are 
borne  naked  at  the  base  of  each  scale  and  mature  the  second 
year.  The  leaves  are  fieedle-shaped,  evergreen,  and  clustered.  Any 
tree  which  has  all  the  characteristics  above  given  is  a  pine. 

The  spruces,  hemlocks,  firs,  and  larches  agree  with  the  pines 
in  many  respects,  but  aU  of  them  mature  their  seeds  the  first 
year,  and  their  foliage  is  different.  The  American  cypress  lias  a 
globular  woody  cone  and  deciduous  leaves  in  two  rows.  The 
arbor  vit«&  and  the  juniper  have  awl-shaped  or  scale-like  leaves, 
not  in  clusters. 

All  of  these  cone-bearing  trees  are  distinct  kinds,  but  they 
are  grouped  together  because  the  seeds  are  borne  naked  on  the 
scales  of  the  cones.  This  peculiarity  separates  the  group  from 
a  much  larger  assemblage  of  seed  plants  in  which  the  seeds 
are  borne  inclosed  in  seed  cases,  pods,  or  other  types  of  fruit. 
Finally,  all  of  the  s^crf-bearing  plants  are  separated  from  the 
sjt)orc-bearing  groups  l)y  the  possession  of  methods  of  repro- 
duction which  develop  seeds. 

Thus  the  pines  find  their  place  in  the  classification  of  plants 
through  clearly  marked  characters  which  define  several  different 
grou})s.  These  characters  are  (1)  the  presence  of  the  seed,  (2)  the 
fact  that  the  seeds  are  exposed  or  naked,  (3)  the  development  of 
the  seeds  in  a  cone  type  of  fruit,  and  finally  (4)  some  peculiar- 
ities of  the  cone,  and  the  character  of  the  foliage.  The  process 
of  classification  leads  from  an  assemblage  of  more  than  one 
hundred  thousand  kinds  of  plants  (the  seed  plants),  through 
successively  smaller  divisions,  to  the  relatively  small  group  of 
the  pines,  with  hardly  more  than  seventy  known  kinds. 
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189.  Nomenclature.  It  was  long  ago  found  convenient  to 
give  Latin  names  to  the  kinds  of  animals  and  plants  and  to  their 
various  natural  groups.  These  names  constitute  the  nomencla- 
ture of  botany  and  zoology.  Each  kind  of  plant  or  animal  is 
termed  a  species.  A  group  of  closely  related  species  constitutes 
a  genus  (plural,  genera).  Every  species  is  given  a  name  that 
consists  of  two  parts.  There  is  the  specific  name,  which  defines 
the  species,  and  the  generic  name,  which  includes  the  more  im- 
mediate relatives.  Tlie  specific  name  follows  the  generic,  just  as 
the  first  name  of  a  man  follows  his  family  name  or  his  surname 
in  a  director)'.  Furthermore,  an  abbreviation  of  the  name  of  the 
botanist  who  first  described  the  species  follows  the  combination 
of  generic  and  specific  names.  Thus  the  name  of  the  pitch  pine 
is  written  Pinus  rigida  Mill.,  this  species  having  been  described 
by  a  botanist  named  Miller.  This  univei-sally  adopted  system  of 
designating  sj^ecies  l)y  two  names,  known  as  the  binomial  system 
of  nomenclature,  was  perfected  by  the  famous  Swedish  natu- 
ralist Linnifius,  and  the  edition  of  his  Sjyecies  Plantarum,  which 
is  the  basis  of  all  botanical  classification,  bears  the  date  1753. 

Closely  related  genera  are  grouiKid  into  fainiliefi,  whose  names 
generally  terminate  in  the  ending  -acecv,  and  families  are  brought 
together  into  orders,  whose  names  are  written  with  the  uniform 
ending  -ales.  Orders  are  further  assembled  into  classes,  and  the 
classes  into  subdivisions,  or  more  fre([uently  into  divisions,  of 
the  plant  kingdom.  Applying  this  system  of  classification,  we 
have  all  the  si)ecies  of  pines  in  the  genus  Pimts,  in  the  family 
Pinacew,  in  the  order  Coniferales,  in  the  class  Coniferce,  in  the 
sulxlivision  Gymnospermcv  of  that  highest  division  of  the  plant 
kingdom,  the  Spermntophyta. 

190.  Organic  evolution.  In  the  times  of  LinucX'us,  who  lived 
in  the  eighteenth  century,  almost  all  naturalists  l)elieved  that 
the  species  or  kinds  of  animals  and  i)lants  had  never  changed 
in  their  characters  during  their  long  history  on  the  earth.  They 
believed  that  new  kinds  could  only  arise  by  special  acts  of  cre- 
ation.   This  doctrine  of  special  creation  gave  way  to  the  present 
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belief  in  organic  evolution,  or  the  theory  of  descent,  chiefly  through 
the  work  of  Charles  Darwin,  whose  famous  book,  The  Origin  of 
Species,  appeared  in  1859.  The  theories  of  organic  evolution 
hold  that  all  the  existing  species  of  animals  and  plants  have 
been  derived  or  evolved  through  the  geological  ages  from  the 
simplest  forms  of  life  in  the  beginning.  These  theories  also 
hold  that  the  kinds  now  on  the  earth  are  subject  to  change,  and 
that  very  many  of  them  are  in  process  of  developing  new  species. 
There  are  varying  opinions  as  to  the  causes  which  brmg  about 
changes  in  species,  and  there  are  several  schools  of  evolutionists 
whose  theories  are  the  subject  of  constant  discussion  and  inves- 
tigation.^ But  aU  botanists  and  zoologists  believe  in  the  main 
principles  of  organic  evolution ;  and  the  theory  is  the  framework 
of  biology.  Indeed,  the  theory  of  organic  evolution  is  as  impor- 
tant to  biology  as  the  atomic  theory  is  to  chemistry  and  as  the 
doctrine  of  the  conservation  of  energy  is  to  physics. 

191.  An  outline  of  the  classification  of  plants.  We  shall 
present  at  this  pomt  a  classified  arrangement  of  the  most  im- 
portant of  the  larger  groups  of  plants.  It  is  quite  impossible 
to  develop  a  classification  very  far  in  the  compass  of  this  book, 
but  this  outline  will  serve  to  indicate  the  field  covered  in  the 
succeeding  chapters.^  The  thallophytes  are  especially  difficult 
to  classify,  for  the  groups  are  not  as  clearly  understood  as  those 
of  the  higher  plants,  and  there  are  complex  relationships,  esiH?- 
cially  between  the  algie  and  the  fungi.  The  classification  of 
the  green  algie  offers  exceptionally  difficult  problems,  and  the 
arrangement  presented  here  is  largely  one  of  convenience  in  the 
present  state  of  our  knowledge  of  this  puzzling  assemblage  of 
forms.  Classifications  are,  of  course,  subject  to  constant  modi- 
fication, as  groups  receive  more  and  more  careful  study,  and 
authors  freciuently  differ  widely  in  their  systems. 

1  See  Chapter  xxxix,  Variation,  Mutation,  and  Origin  of  Species. 

-  For  the  most  recent  and  detailed  classification  of  plants  the  reader  is 
referred  to  Engler,  Sfjllnhus  der  Pflnnzenfamilien^  1903,  or  to  Engler  and 
Pnintl,  Die  NatiirUchen  PJianzenfamilien. 
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AN  OUTLINE  OF  THE  CLASSIFICATION  OF  PLANTS 
Division  I.    Thallophyta,  the  thalliis  plants,  or  tliallophytes. 
Series  of  the  Alg^. 

Class     I.    Cyanopfiycece^  the  blue-green  algte. 
II.    Chlorophi/cecB,  the  green  algaj. 

Order  1.    Protococcales,  the  one-celled  green  algse. 

2.  Confervales,  the  confervas  and  sea  lettuce. 

3.  Conjugales,  the  pond  scums 

4.  .  Diatomales^  the  diatoms. 

6.    Siphonales,  the  siphon  algae. 
0.    Charales,  the  stoneworts. 

III.  Phxjcophycece^  the  brown  algie. 

IV.  Rhodophyceoe^  the  red  algaj. 

Series  of  the  Fitngi. 

Class    V.    Schizomycetes,  the  bacteria. 
VI.    Saccfiaromycetes,  the  yeasts. 
VII.    Phy corny cetes,  the  alga-like  fungi. 
VIII.    Ascomycetes,  the  sac  fungi. 
IX.    Basidiomycetes,  the  biusidia  fungi. 

Division  II.    Bryophyta^  the  liverworts  and  mosses,  or  bryophytes. 
Class     I.    Hepaticoe,  the  liverworts. 

Order  1.    Jiicciales,  the  Riccia  forms. 

2.  Marchantiales^  the  Marchantin  forms. 

3.  Jungermanniales^  the  Jungermannia  forms,  or 

leafy  liverworts. 

4.  Anthocerotales,  the  Atithoceros  fonns. 
II.    Musci,  the  mosses. 

Onler  1.    Sphagnales,  the  peat  mos.ses. 
2.    BrycUes,  the  couunon  mosses. 

Division  III.    Pteridophyta,  the  ferns  and  their  allies,  or  pteridophytes. 
Class     I.    Filicineoi^  the  true  ferns. 
II.    Equisetinece,  the  horsetails. 
III.    LycopodineoB,  the  club  mosses. 

Division  IV.    Spermatophyta,  the  8ee<l  plants,  or  spermatophytes. 
Subdivision     L    Gymnospermce,  the  gymno.siwrms. 
II.    AngiospentKB,  the  angiosi)enns.i 
Cla.18    I.    Monocatyledoneoi,  the  monocotyledons. 
II.    Dicotyledonecc,  the  dicotyledons. 

1  The  reader  should  note  that  in  this  chissifieation  the  angiosjxirms  con- 
tain only  two  out  of  sixteen  classes  of  si^mewhat  equivalent  value. 
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THE  LOWEST  ORGANISMS  AND  THE  CELL  AS  THE 
LIFE  UNIT 

192.  The  process  of  evolution.  The  higher  complex  animals 
and  plants  are  readily  distinguished  from  one  another,  but  the 
differences  become  less  apparent  in  the  lower,  simpler  forms. 
Tliere  are  indeed  groups  of  uncertain  position,  some  authors 
placing  them  among  the  plants  and  some  among  the  animals. 

Tlie  animal  and  plant  kingdoms,  in  the  process  of  evolution, 
followed  a  tree-like  method  of  development.  The  forms  and 
groups  split  up  into  divergent  lines  which  constantly  gave  off, 
and  are  still  giving  off,  new  shoots.  Thus  from  a  number  of 
trunks  in  the  beginning  there  have  been  derived  a  multitude 
of  smaller  branches,  and  from  these  in  turn  have  arisen  count- 
less twigs.  It  is  imp()ssil)le  to  construct  accurately  these  genea- 
logical trees,  because  the  species  now  living  occupy  the  position 
of  buds  on  the  structure,  some  relatively  low  down  and  some  at 
the  highest  points,  but  all  at  the  ends  of  their  respective  lines 
of  development.  The  forms  which  represented  the  lowest  and 
intermediate  stiiges  of  development  are  almost  all  extinct, —  that 
is,  have  long  ago  died  out  on  the  earth,  —  and  we  can  only  judge 
of  their  structure  by  the  fragmentary  remains  which  are  left  as 
fossils,  or  by  comparative  studies  on  the  structure  and  develop- 
ment of  living  si)ecies,  which  frequently  give  us  suggestions  of 
what  took  place  in  the  long  process  of  organic  evolution. 

193.  The  simplest  living  unit  a  cell.  Tlie  living  material  of 
organisms,  that  is  the  part  which  possesses  life,  is  called  pro- 
tojdasm.  Protoplasm  is  not  a  simple  substance,  but,  on  the 
contrary,  is  the  most  involved  mixture  of  the  most  complex 
substances  which  the  chemist  knows.    These  belong  to  the  group 
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called  proteids,  a  familiar  example  of  which  is  the  white  of  egg 
(albumen).  Very  little  is  known  of  the  exact  chemical  structure 
of  the  numerous  proteids.  Their  molecules  are  very  complex, 
for  they  contain  a  large  number  of  elements  of  remarkably 
varied  chemical  properties,  —  carbon,  nitrogen,  oxygen,  hydro- 
gen, sulphur,  and  in  some  cases  phosphorus.  But  besides  the 
proteids  and  many  other  organic  compounds  (substances  usually 
formed  only  in  association  with  life  processes,  as,  for  example, 
the  sugars,  starch,  and  fats),  protoplasm  also  contains  certain 
necessary  iiwrganic  substances,  such  as  salts  of  sodium,  potas- 
sium, calcium,  magnesium,  and  iron,  and  in  addition  to  these  a 
very  large  amount  of  water. 

Although  we  know  very  little  about  the  chemical  nature 
of  protoplasm,  certain  remarkable  structural  peculiarities  have 
been  recognized  for  a  long  time.  Trotoplasni  always  exists  in 
the  form  of  units  which  are  called  cells.  The  simplest  organisms 
consist  of  solitary  units,  and  are  consequently  termed  one-celled 
(unicellular).  The  higher  organisms  are  made  up  of  aggregates 
of  cells,  and  are  termed  many-celled  (multicellular). 

The  cells  in  many-celled  organisms  have  each  a  separate  indi- 
viduality, but  they  are  usually  set  apart  for  particular  kinds  of 
work  and  depend  ujhju  one  another  for  mutual  assistance.  Tlie 
many-celled  organism  has  l)een  termed  a  veil  repvblicy  l)ecaiise 
all  the  cells,  as  individuals,  work  for  the  couimon  gocnl  of  the 
community,  and  by  a  system  of  helpful  division  of  labor  l)enefit 
one  another. 

There  is  a  large  group  of  one-celled  microscopic  animals  called 
the  Protozoa.  This  constitutes  the  lowest  division  of  the  animal 
kingdom,  and  is  quite  distinct  from  the  groups  of  many-celled 
animals,  although  they  are  telieved  to  have  been  derived 
from  it.  There  are  likewise  numerous  one-celled  plants,  but 
they  are  related  to  the  higher  many-celled  f(^rms  by  very  com- 
plete and  interesting  connecting  links,  so  that  botanists  do  not 
make  a  group  of  one-celled  plants,  and  can  readily  understand 
the  evolution  of  the  manv-celled  forms  from  the  single-celled. 
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It  is  much  easier  to  understand  the  structure  of  the  plant 
cell  by  comparing  it  with  one  of  the  simplest  of  the  one-celled 
animals  ;  so  at  this  point  there  will  be  given  a  brief  account  of 
one  of  the  best-known  protozoans,  the  Amoeba, 

194.  The  Amoeba.*  The  ^mosJa  imder  the  microscope  appears 
as  a  minute,  irregularly  shaped  body  of  a  jelly-like  consistency. 
Its  form  when  active  constantly  changes.  A  finger-like  extension 

or  process  is  thrust 
out  from  one  side 
(Fig.  167,^)  and  the 
somewhat  granular 
protoplasm  flows  into 
this  from  neighlior- 
ing  regions.  Other 
processes  are  succes- 
sively withdrawn,  so 
that  the  protoplasm 
actually  moves  or 
flows  slowly  forward 
into  the  newly  formed 
lobe,  and  thus  the 
Amceba  glides  along. 
There  is  present  in  the 
protoplasm  a  denser 
protoplasmic  struc- 
which  is  known  to  be  the  center  of 
The  protoplasm  also  con- 


FiG.  167.  The  Amoeba 

A,  an  individual  moving  in  the  direction  of  the 
arrows;  n,  nucleus  ;  ?',  pulsating  vacuole;  /,  food 
body.  B,  the  process  of  cell  division  liy  constric- 
tion, a  nucleus  in  each  half. — JJ^  after  Jordan, 
Kellogg,  and  Heath 


ture  termed  the  nnclacs, 
very  important  activities  in  the  cell, 
tains  numerous  small  granules,  and  frequently  large  food  parti- 
cles, and  there  are  also  glol)ules,  called  vacuoles,  of  a  watery 
fluid,  which  api)ear  and  disappear  in  the  thicker  substance. 
Such  is  the  structure  of  a  typical  cell,  which  may  be  defined  as 
a  small  mass  of  protoplasm  containing  a  mtcleus, 

*  To  THE  Instructor  :  If  material  of  Amoeba  is  available,  its  study  will 
furnish  an  excellent  introduction  or  accompaniment  to  laboratory  work  on 
the  plant  cell. 
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The  Amceha  feeds  upon  smaller  organisms.  Tliese  may  be 
drawn  in  at  any  point  on  the  surface  of  the  cell,  whose  proto- 
plasm simply  flows  around  the  bodies  and  thus  takes  them  into 
the  interior.  The  oxygen  gas  held  in  the  water  which  bathes 
the  Amoeba  is  also  absorbed  all  over  its  surface.  Food  materials 
which  cannot  be  digested,  together  with  the  waste  products,  are 
left  behind  by  the  protoplasm  as  it  moves  from  place  to  place. 

When  the  Amoeba  reaches  a  certain  size  there  takes  place 
the  interesting  event  called  cell  division.  Tlie  cell  divides, 
by  a  process  of  constriction  (Fig.  167,  B),  into  similar  halves, 
which  separate  from  one  another  as  two  independent  daughter 
Amoebae,  Previous  to  the  division  of  the  cell  there  has  been  a 
division  of  the  nucleus,  so  that  each  daughter  Amoeba  is  pro- 
vided with  a  daughter  nucleus,  and  therefore  has  exactly  the 
same  structure  as  the  parent  cell,  but  is,  of  course,  only  about 
half  as  large.  Cell  division  is  the  method  of  cell  reproduction. 
It  is  interesting  to  note  that  in  this  process  of  reproduction 
there  has  l)een  no  loss  of  protoplasm,  no  death  of  any  region  of 
the  parent  Ammba,  Imt  from  the  division  of  one  have  come  two. 
Tliere  is,  therefore,  no  death  from  old  age  in  one-celled  organ- 
isms. Tliey  are  being  killed  constantly,  of  course,  by  adverse 
conditions,  or  eaten  by  other  animals.  These  are  the  accidents 
of  life.  However,  the  Amoel)a  and  other  one-celled  animals  and 
plants  need  never  die  of  old  age ;  that  is,  there  is  nothing  in  the 
constitution  of  such  an  organism  to  prevent  its  living  forever. 

195.  The  plant  cell.  Tlie  jJant  cell  generally  differs  from 
the  animal  cell  in  two  important  resi)ects. 

First  Tlie  protojJasm  is  inclosed  in  a  little  box-like  chamber 
with  transparent  walls.  Tlie  substance  of  the  walls  is  called  cellic- 
los€y  —  a  compound  In^longing  to  the  great  group  of  the  starches 
and  sugars  (carl>ohydrates).  Such  an  enveloj^  is  termed  a  cell 
wall,  and  is  i)eculiar  to  plants.  Indeed,  the  term  cells,  as  used  in 
biology,  was  first  applied  to  the  chamljers  inclosed  by  cell  walls, 
which  may  l)e  seen  in  thin  sections  of  cork,  pith,  and  other 
plant  structures. 
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Second,  The  protoplasm  of  green  portions  of  plants  will  be 
found  to  contain  green  bodies  called  chromatophores  (meaning 
color  bearers).  Chromatophores  have  a  great  variety  of  forms  in 
different  plants  and  are  sometimes  very  complex  and  beautiful, 
—  as  the  spiral  band  in  the  cells  of  the  pond  scum,  Spirogyra 

(Fig.  1 68,  A),  The  green  color- 
ing matter  in  a  chromatophore 
is  called  chlorophyll  (meaning 
leaf  green).  Green  chromato- 
phores are  called  chloroplasts 
when  small  and  numerous  in 
a  cell.  Chloroplasts  are  char- 
acteristic of  the  cells  in  plants 
above  the  thallophytes,  and 
may  be  readily  studied  in  the 
leaves  of  mosses  (Fig.  169,  A), 
ferns,  and  seed  plants.  Chro- 
matophores are  sometimes  col- 
ored brown  or  red,  as  in  the 
cells  of  the  brown  and  the  red 
algae.  Chromatophores  are 
peculiar  to  plants,  never  being 
found  in  typical  animal  cells. 

The  protoplasm  of  the  plant 
cell  always  lies  directly  under 
the  cell  wall,  sometimes  com- 
pletely filling  the  cavity,  but 
more  frequently  forming  a  lin- 
ing which  surrounds  one  or  more  spaces,  or  vacuoles,  which 
contain  a  watery  fluid  called  cell  sap.  The  relation  of  the  proto- 
plasm to  the  cell  wall  is  easily  understood  when  the  protoplasm 
is  made  to  contract  from  the  wall  by  the  withdrawal  of  the 
watery  cell  saj)  from  the  vacuoles.  Thus  if  a  filament  of  a  pond 
scum  or  a  portion  of  a  moss  leaf  be  placed  in  an  aqueous  solu- 
tion of  common  salt  (5  or  10  per  cent),  the  cell  sap  is  drawn 


Fig.  168.   CeU  structure  of  the  pond 
scum  (Spirogyra) 

A,  living  coll,  showing  spiral  hand-like 
chromatophore  with  pyrcnoi<ls  ;>,  and 
centrally  placed  nucleus  n;  Ji,  living 
cell  after  treatment  with  a  salt  solu- 
tion, the  protoplasm  contracted  away 
from  the  cell  wall ;  (\  pyrenoid  stained 
with  iodine  and  very  greatly  magni- 
fied (ahout  ICOO  (liamcjters),  a  circle  of 
starch  grains  around  the  pyrenoid 
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out  of  the  vacuole  (osmotically)  and  the  bounding  layer  of  proto- 
plasm shrinks  away  from  the  wall  (Figs.  168,2?;  169,^).  Tlie 
force  that  keeps  the  layer  of  protoplasm  against  the  cell  wall  is 
called  cell  turgor. 

The  mass  of  protoplasm  inclosed  by  the  cell  wall  is  called 
the  protoplast,  and  always  contains  at  least  one  nucleus.  Some 
plant  cells  have  many 
nuclei.  The  posi- 
tion of  the  nucleus  Jl  ^ 
is  somewhat  variable. 
In  the  cell  of  the  jxmd 
scum  (Fig.  168,  A,  n) 
it  is  situated  in  the 
middle  region  and 
held  in  place  by  deli- 
cate strands  of  proto- 
plasm which  run  out 
to  the  protoplasmic 
layer  under  the  cell 
wall,  but  the  nucleus 
frec^uently  lies  just 
under  the  wall,  as  in 
the  moss  leaf  (Fig. 
ir)0,J,/i).  The  chro- 
ma tophores  are  gen- 
erally found  in  the 
outer  layer  of  proto 
plasm  under  the  cell 
wall.  Tliere  are  also  many  granules  in  the  i)rotoi)lasm,  some  of 
them  minute  globules  of  oils  and  fats  and  others  of  a  proteid 
c'liarac^ter.  Many  of  these  are  food  products  in  the  cell.  Finally, 
the  central  portion  of  the  cell  generally  contains  a  single  vacuole 
filled  with  cell  sap. 

It  is  clear  that  the  protoplast  of  the  jJant  cell  corresinrnds  to 
the  entire  Amosba  or  any  other  animal  cell.    The  cell  wall  is  a 


Fig.  109.   Cell  stnicture  of  the  moss  leaf 
(Funaria) 

A^  two  living  cells  fi*om  a  leaf,  showing  the  numer- 
ous ehloroplasts  and  the  ]K)siti()n  of  the  nucleus 
n  in  the  layer  of  prot4)phisin  un<ler  the  cell  wall ; 
//,  living  cell  after  treatment  with  a  salt  solution, 
the  protophist  contracte<l  away  from  the  cell  wall ; 
C,  stages  illustrating  the  division  of  the  plastids, 
starch  grains  shown  in  their  interiors 
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formation  outside  of  the  protoplast  and  is  not  a  living  part 
of  the  plant  cell.  Many  lower  plants  form  reproductive  cells 
(zoospores,  gametes,  etc.),  which  for  some  time  are  without  a 
cellulose  wall,  and  in  this  condition  are  motile  and  behave  like 
animal  cells.  However,  the  cell  walls  and  the  chromatophores 
are  responsible  for  the  most  conspicuous  differences  between 
plants  and  animals,  as  is  noted  in  Sec.  202. 

196.  Photosynthesis.^  Chromatophores  and  chloroplasts  in 
the  presence  of  sunlight  are  able  to  manufacture  from  water 
and  the  simple  gas  carbon  dioxide  certain  complex  organic 
foods  of  which  starch  is  generally  the  first  visible  product. 
This  process  is  called  photosyntJiesis,  which  signifies  a  putting 
together  by  light.  The  chemical  formula  for  carbon  dioxide  is 
COj,  for  water  HgO,  and  for  starch  CgHi^Og.  The  chemistry  of 
the  manufacture  of  starch  cannot  be  truthfully  shown  by  a 
simple  equation,  for  starch  is  not  formed  directly  from  carbon 
dioxide  and  water,  but  by  several  steps  through  invisible  sub- 
stances that  have  not  been  isolated  and  therefore  have  never 
been  studied.  The  chemical  processes  in  these  steps  are  ncjt 
well  understood.    The  final  results  may  be  roughly  expressed 

as  follows : 

6  CO2  +  5  H2O  =  CgHioOg  +  6  Og. 

This  shows  why  free  oxygen  is  formed  during  the  processes  of 
photosynthesis.  In  some  plants  starch  is  never  manufactured, 
but  instead  sugars,  which  are  substances  closely  related  to 
starch,  some  of  them  having  the  formula  CgHijOg.  v/The  sugars 
are  in  solution  and  invisible.  Oil  is  formed  in  some  plants,  as 
in  the  green  felt  (Vaiccheria),  diatoms,  etc.,  in  place  of  starch,  as 
the  first  visible  product  of  photosynthesis. 

Many  chromatophores  have  well-defined  denser  regions  called 
jjyrcnoids,  which  are  the  centers  of  starch  formation,  as  is 
well  illustrated  in  the  pond  scum  (Fig.  168,  C).    Chloroplasts 

1  The  subject  of  photosynthesis  is  treated  in  greater  detail  in  connection 
with  the  structure  and  functions  of  leaves  (Chapter  xii),  especially  in 
Sees.  127-132. 
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frequently  contain  starch  grains,  as  may  be  readily  shown  in 
the  cells  of  th^  moss  leaf  (Fig.  169,  C)  when  colored  (stained) 
with  iodine.  Photosynthesis  is  only  found  in  plants  containing 
chlorophyll  or  other  pigments  of  a  similar  physiological  nature. 
The  Sim  furnishes  the  energy  in  the  form  of  light  for  the  build- 
ing up  of  the  simplest  food  products,  and  the  plant  cell  is  the 
main  factory  which  supplies  the  food  of  the  world. 

197.  The  food  of  plants;  assimilation.  All  plants  with 
chlorophyll  can  manufacture  their  own  food  by  the  processes  of 
photosynthesis.  Moreover,  it  is  manufactured  directly  within 
the  protoplasm  of  the  cell  and  does  not  have  to  be  absorbed 
from  without,  as  in  the  case  of  the  animal  cell  (see  account 
of  Amoeba,  Sec.  194). 

As  we  have  already  noted,  starch  is  generally  the  first  visible 
product  of  this  process  of  food  manufacture  (photosynthesis). 
Starch  and  the  related  substances,  sugars,  are  the  primary  foods 
of  green  plants,  and  the  most  important,  but  they  are  merely  the 
starting  point  for  a  complex  series  of  processes  through  which 
the  highly  organized  proteids  of  the  protoplasm  are  derived. 
Tliere  are  some  plants  which  lack  chlorophyll,  as  the  fungi  and 
certain  plant  parasites,  and  they,  like  the  animals,  depend  upon 
f(Mxl  absorl)ed  from  without  the  body.  The  food  of  plants  is 
broken  down  and  recombined  in  various  ways  to  form  the  pro- 
topliism,  as  it  is  in  animals,  and  the  breaking  down  of  some  of 
the  su])stances  sets  free  energy  in  the  form  of  plant  heat  (corre- 
siMHiding  to  animal  heat),  as  is  easily  proved  in  the  germination 
of  seeds  (see  Sec.  5).  So  the  processes  of  food  absorption,  or 
assimilation,  in  plants  are  essentially  the  same  as  in  animals, 
but  the  manufacture  of  food  (photosynthesis)  is  an  entirely  dif- 
ferent process  and  peculiar  to  planta 

198.  The  food  cycle.  There  is  a  circulation  of  certain  ele- 
ments (especially  carbon,  nitrogen,  sulphur,  and  phosphorus) 
through  the  bodies  of  plants  and  animals  which  may  1)C  called 
the  food  cycle  (see  diagram.  Fig.  207).  It  begins  in  the  plant 
cell  with  the  manufacture  of  starch,  and  related  substances 
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(carbohydrates)  by  photosynthesis.  This  makes  carbon,  obtained 
from  the  carbon  dioxide  of  the  air,  available  in  these  primary 
foods.  Nitrogen  is  obtained  from  the  nitrates  dissolved  in  water 
and  drawn  up  through  the  roots,  and  sulphur  and  phosphorus  in 
a  similar  manner  from  sulphates  and  phosphates.  Tlie  proteids 
of  protoplasm  are  built  up  from  these  elements,  with  the  addi- 
tion of  hydrogen  and  oxygen.  Plants  are  able  to  form  some 
very  complex  organic  substances,  but  animals  are  able  to  carry 
the  building-up  process  still  farther,  for  the  highest  forms  of 
proteids  known  are  found  in  their  substance. 

There  is,  however,  a  turning  point  in  the  building-up  activi- 
ties when  complex  compounds  begin  to  break  down  into  simpler 
substances.  Some  of  these  are  the  daily  waste  products  of 
an  animal  or  plant.  The  most  striking  phenomena  are  those 
which  occur  during  the  processes  of  decay,  which  begin  at  once 
with  the  death  of  an  organism.  Decay  is  the  process  by  which 
highly  complex  organic  compoimds  are  broken  down  into  suc- 
cessively simpler  substances.  The  final  steps  return  the  ele- 
ments carbon,  nitrogen,  sulphur,  and  phosphorus  to  the  earth 
and  air  in  very  simple  forms  available  again  for  the  constructive 
work  of  green  plants.  The  processes  of  decay  are  due  to  the 
growth  and  activities  of  bacteria  and  other  fimgi,  and  the  su}> 
ject  is  treated  at  some  length  in  Sec.  252, 

199.  Cell  division,  growth,  and  reproduction.  Assimilation 
increases  the  amount  of  protoplasm,  and  this  results  in  growth 
and  reproduction  through  cell  and  nuclear  division.  Cell  divi- 
sion in  plants,  as  in  animals,  is  preceded  by  nuclear  division, 
after  which  a  cell  wall  is  formed  between  the  daughter  pro- 
toplasts. The  nucleus  in  the  resting  condition  contains  granular 
material  called  chromafin,  which  may  be  readily  colored  (stained) 
by  certain  dyes.  Generally  there  are  also  present  one  or  more 
globular  bodies  called  nudcolcH  (Fig.  170,  ^).  Cliromatin  is  a 
proteid  and  is  believed  to  l)e  the  essential  substance  of  the 
nucleus  and  necessary  for  the  life  of  the  cell,  because  protoplasm 
will  not  live  if  deprived  of  nuclei.    Just  previous  to  nuclear 
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division  the  chromatin  becomes  organized  into  a  number  of 
bodies  called  chromosomes,  each  of  which  splits,  and  the  halves 
are  distributed  in  two  sets  to  the  daughter  nuclei.  The  distri- 
bution of  the  chromosomes  is  effected  by  an  interesting  appa- 
ratus called  a  spindle  (Fig.  170,-5),  which  consists  of  delicate 
fibers  (spindle  fibers)  formed  in  the  early  stages  of  nuclear 
division.  The  two  sets  of  daughter  chromosomes  (Fig.  170,  C) 
collect  at  the  poles  of  the  spindle  to  organize  the  daughter 
nuclei,  which  then  pass  into  the  resting  condition  (Fig.  170,  D), 
and  a  cell  wall  is  formed  between,  that  divides  the  original 


Fig.  170.  Stages  in  nuclear  and  cell  division  from  the  root  tip  of  an  onion 

At  resting  nacleuswith  the  chromatin  in  the  form  of  a  network  and  two  nucieoles; 
iy,  a  spindle  with  the  divided  chromosomes  gathered  in  the  middle  region  and 
about  to  separate  into  two  groups  of  daughter  i-hromosomes ;  C,  the  two  sets  of 
daughter  chromosomes  at  the  jwles  of  the  sjHndle ;  />,  formation  of  the  new  wall 
between  the  daughter  nuclei 

cell  into  two  daughter  cells.  It  is  a  remarkable  fact  that  the 
number  of  chromosomes  in  the  nucleus  is  fixed  for  different 
plants,  —  a  point  which  we  shall  have  occasion  to  consider  in 
other  connections. 

Chromatophores  reproduce  themselves  ])y  simple  fission,  or 
splitting,  very  plainly  illustrated  in  the  cells  of  the  moss  leaf 
(Fig.  169,  C),  and  are  thus  passed  on  with  each  cell  division. 

200.  The  cell  theory  of  organization.  The  process  of  growth 
and  development  of  a  many-celled  organism  is  through  con- 
tinuous cell  multiplication.  Develoinnent  generally  k^gins  with 
a  cell,  which  both  in  animals  and  in  j)lants  is  called  the  egg. 
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The  egg  is  a  female  sexual  element  which  normally  cannot 
develop  into  a  new  organism  until  a  male  sexual  cell,  called 
the  sperm,  has  united  with  it.  This  union  is  csMqA  fertilization^ 
and  the  fertilized  egg  is  a  sexually  formed  cell  because  it  results 

from  the  fusion  of  two  sexual  cells, 
the  egg  and  sperm.  The  fertilized 
egg  is  termed  an  oospore  (meaning 
an  egg  spore),  when  there  is  a  rest- 
ing period  before  its  further  develop- 
ment, or  germination.  A  sexual  cell, 
such  as  the  egg  or  sperm,  is  called 
a  gamete.  The  protoplasmic  union 
of  &g'^  and  sperm  is  very  complete, 
for  the  two  nuclei  come  together  in 
the  center  of  the  ^g  and  fuse  to 
form  a  large  nucleus  which  has,  of 
course,  about  twice  as  much  of  that 
important  nuclear  substance,  chro- . 
matin,  as  the  single  nucleus  of  either 
egg  or  sperm. 

Frequently  there  are  present  in 
plants  other  forms  of  reproductive 
A,  two  filaments  of  Spirogyra    ^^"^  called  spores,  which  are  not 
quinina,  side  by  side,  show-    formed  sexually  but  are  simply  spe- 

iiig  stages  in  the  union  of  the        •in         r.*  i  j        i  i. 

cells  (gametes)   to   form  the     ^^^1  CcUs  whlch  Can  develop  at  oncC 

zygospores;  7^,  another  species     into  neW  plants. 

{S.  lonouta),  in  which  the  cell  m,  •  r  j.         i.  • 

nnionscK-cur  between  adjacent  The     UniOU     of    gamctCS     to    give 

gametes  in  thesame  filament.—    sexually  formed  cclls  is  especially 

well  illustrated  in  the  fruiting  ^  of 
the  pond  scum  {^pirofpjra).  In  most  species  the  cells  of  fila- 
ments lying  side  l)y  side  ])ut  forth  short  processes  which  fuse  in 
])airs,  thus  presenting  a  characteristic  ladder-like  arrangement 
(Fig.  171,  A).     The  contents  of  one  cell  then  pass  over  and 

1  Tlie  terms /ru/i  -AWiX  fmctifimtion  will  be  used  in  Part  II  in  an  untech- 
iiical  sense  to  designate  various  forms  of  reproductive  organs  and  processes. 


Fig.  171.   The  union  of  the 
gametes  in  Spirogyra 
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unite  with  that  of  the  otlier,  giving  a  large  fusion  protoplast 
which  develops  a  heavy  protective  wall  and  is  a  sexually  formed 
spore.  It  is  called  a  zygospore  (meaning  yoked  spore)  because 
the  gametes  are  similar,  like  the  halves  of  a  yoke.  Tliis  cell 
union  is  the  same  in  all  essentials,  including  the  final  fusion  of 
the  two  nuclei,  as  the  fertilization  of  the  eggy  except  that  the 
two  sexual  cells,  or  gametes,  are  not  different  in  form  as  are 
eggs  and  sperms  (examine  illustrations  of  Volvox  (Fig.  178), 
CEdogonimii  (Fig.  182),  Fucus  (Fig.  199),  etc.).  The  fruiting  of 
Spirogyra  is  a  relatively  simple  illustration  of  a  sexual  process, 
for  the  gametes  are  similar  and  have  never  become  differen- 
tiated into  eggs  and  sj)erms. 

Development  proceeds  through  continued  cell  divisions,  which 
lead  to  growth  and  a  gradual  s}x^cialization  or  setting  apart  of 
cert^un  cells  for  particular  kinds  of  work  in  the  Inxly.  This 
s})ecialization  of  cells  results  in  the  various  forms  of  cell  struc- 
tures, or  tissues,  of  the  mature  organism.  So  the  life  history  is  a 
succession  of  cell  divisions,  and  the  reproduction  of  the  sj)ecies 
is  a  return  to  a  one-celled  condition  through  the  reproductive 
cells  (gametes  and  siM)res).  The  animal  and  plant  bcxly  dies, 
but  the  stream  of  life  flows  on  through  the  repnKluctive  cells. 
This  is  the  outline  of  the  cell  theory  of  organ izjition,  which 
|K»rliaps  ranks  next  to  the  theory  of  organic  evolution  as  one  of 
the  fundamental  principles  of  biological  sc;ience. 

201.  Properties  peculiar  to  living  matter.  We  have  noted 
that  the  chemical  comiM)siti()n  and  reactions  of  ])rotoi)lasm  are 
exceedingly  complex,  but  nevertheless  there  are  no  reasons  for 
supi)osing  that  they  are  outside  of  cliemictal  and  physical  laws. 
However,  protoplasm  has  properties  which  distinguish  it  from 
lifeless  matter  (see  also  Sees.  45-47). 

Protoplasm  has  the  poiver  of  growth  and  repair,  Tliis  means 
that  protoplasm  can  manufacture  living  substance  out  of  the 
lifeless  and  add  the  same  to  i  slf.  It  can  replace  with  new 
and  fresh  living  matter  the  wi  t  i  terial  which  is  used  up 
or  discarded  during  the  life 
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Protoplasm  has  the  power  of  reprodicction,  Eeproduction  ac- 
companies growth  and  depends  upon  cell  division.  Of  course 
the  surface  area  of  a  cell  cannot  increase  in  the  same  ratio  as 
its  bulk.  The  surface  is  the  region  of  the  cell  through  which 
some  of  the  most  important  life  processes  of  assimilation  and 
respiration  take  place,  and  a  certain  amount  of  cell  surface  is 
necessary  for  a  given  bulk  of  protoplasm.  Therefore  the  cell 
divides  when,  after  a  period  of  growth,  the  bulk  of  protoplasm 
becomes  proportionally  too  great  for  the  amount  of  surface  area. 
The  sum  total  of  the  surfaces  of  the  daughter  cells  is  materially 
increased  by  their  division,  while  the  combined  bulk  of  their 
protoplasm  remains  the  same  as  before. 

A  living  being  is  like  a  machine  in  that  it  requires  fuel  to 
generate  its  energy  or  power  of  doing  work,  but  the  organism 
has  the  peculiar  ability  of  making  its  own  repairs,  of  increas- 
ing in  size,  and  of  detaching  from  itself  portions  which  can  in 
their  turn  attain  the  structure  and  efficiency  of  the  parent.  Tlie 
process  of  life  is  continuous,  although  the  mat<?rial  of  protoplasm 
is  constantly  changing,  —  that  is,  substances  are  constantly 
gomg  into  the  organism  and  substances  are  going  out.  It  may 
be  compared  to  a  whirlpool  in  a  river:  the  form  and  action  of 
the  whirlpool  is  constant,  although  the  water  which  enters  and 
leaves  remains  for  only  a  short  time  in  circular  movement. 

Protoplasm  always  comes  from  j^reexisting  protoplasm.  This 
means  that  protoplasm,  so  far  as  we  know,  never  springs  into 
existence  from  inorganic  material.  It  is  never  formed  de  novo. 
There  have  been  naturalists  and  philosophers  who  believed  tliat 
life  might  arise  spontaneously  under  favorable  conditions  in 
suitable  nutrient  solutions.  They  cited  such  illustrations  as 
the  swarming  microscopic  life  which  appears  in  extracts  or  infu- 
sions of  animal  and  vegetable  matter  as  examples  of  sponta- 
neons  t/e aeration.  Tliese  theories  were  overthrown  chiefly  by 
the  work  of  Pasteur  and  Tyndall,  who  showed  that  life  never 
appears  in  these  extracts  and  infusions  provided  proper  care 
is  taken  to  kill  all  organisms  that  may  be  in  them,  together 
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with  all  spores  or  other  reproductive  cells,  and  then  to  pre- 
vent the  entrance  of  any  more  germs.  An  experiment  in  this 
line  can  be  performed  by  heating  an  extract  in  a  flask,  closed 
by  a  plug  of  cotton,  until  all  germs  have  been  killed.  Such  a 
solution  then  will  not  even  produce  the  bacterial  growths  that 
cause  decomposition,  for  the  cotton  plug  prevents  tlie  entmnce 
of  any  dust.  It  is  now  established  that  all  organisms  at  present 
on  the  earth  are  generated  only  by  their  like;  that  life  only 
comes  from  life,  and  protoplasm  from  preexisting  protoplasm. 

202.  The  distinctions  between  animals  and  plants.  Plants 
in  general  are  distinguished  from  animals  by  two  important 
peculiarities. 

First  Tlie  presence  of  chlorophyll,  or  ecjuivalent  pigments, 
enables  the  plant  to  manufacture  its  own  food  by  photosynthesis 
in  the  interior  of  its  own  cells.  Animals  require  foods  already 
manufactured  by  other  animals  or  plants,  and  this  food  is  ab- 
sorbed from  without  the  cell. 

Second.  Plants,  when  growing,  are  generally  stationary,  with 
a  firm,  widely  expanded,  rigid  structure,  while  animals  are  more 
rounded,  compact,  and  yielding.  These  differences  are  deter- 
mined by  the  fact  that  the  })rot()plasts  of  i)lants  are  inclosed 
in  cellulose  compartments.  The  cell  wall  gives  to  pjiint  struc- 
ture a  degree  of  stiffness  wliicli  greatly  limits  or  almost  pre- 
vents movement,  but  the  individual  jjrotoplasts  of  j)lants  have 
all  the  characteristics  of  life  in  common  with  animal  cells, — 
sensation,  movement,  and  the  ])owers  of  growth,  repair,  and 
multiplication. 

203.  Some  organisms  of  doubtful  position.  Several  groups 
of  lowly  organisms  have  characters  whi('h  are  in  }>art  plant-like 
and  in  jmrt  animal-like.  We  shall  consider  briefly  only  one  of 
these  groups,  the  fliigellates.^ 

1  Another  larp:o  group  of  doubtful  position  is  tho  filime  molds,  or 
Mf/zomycetes,  nion*  froquontly  inrluded  among  plants  than  among  ani- 
mals, but  too  s|MMMal  for  this  account.  See  MaclJride,  The  North  American 
Slime  ^foulds,  1899. 
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204.  The  flagellates.^  The  flagellates  (Flagcllata)  are  aquatic, 
motile  forms,  either  one-celled  or  consisting  of  colonies  of  cells 
held  together  in  a  common  gelatinous  secretion.    The  individual 


Fio.  172.  Two  fla«,'ellat<3  forms 

A,  EuffJena,  the  motile  cell  shown  above,  with  its  cilium  and  pigment  spot  at  the 
forward  end,  the  pnK'css  of  repnxluction  by  simple  division  while  in  a  resting 
condition  being  illustrate<l  below;  //,  Urogleud  Americana^  &  large  colonial 
tlagellate.  —  B,  jidapted  after  Moore 

cells  are  provided  with  one,  two,  or  sometimes  more  delicate 
hair-like  a])|XMidages  called  cilia  (singular,  cilium^  meaning  an 
eyelash),  which  move  ra})idly  in  the  water  and  are  organs  of 
locomotion.  Some  forms  have  chromatophores  and  can  therefore 
manufacture  their  own  FocmI,  while  others  are  colorless  and  take 
their  food  in  animal  fashion  through  a  funnel-like  depression  into 

1  The  best  account  of  the  flagellates  will  be  found  in  Engler  and  Pi*antl, 
Die  NatHrlichen  Pflanzcnfdmilien. 
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the  interior  of  the  cell.  A  bright  red  pigment  spot,  frequently- 
found  in  each  cell,  is  regarded  as  a  structure  sensitive  to  light, 
for  these  organisms  generally  move  towards  the  source  of  bright 
illumination.  The  flagellates  are  believed  to  be  related  to  the 
lowest  green  plants,  the  algae,  and  some  groups  of  algae  are 
thought  to  have  been  derived  from  them. 

Euglena  (Fig.  172,  A)  is  a  common  flagellate  found  in  stag- 
nant pools.  Tlie  cells  are  generally  green,  but  some  of  the  spe- 
cies and  related  forms  are  colorless,  having  adopted  the  habit 
of  living  exclusively  on  organic  food  substances  in  the  drain- 
age water  which  they  frequent.  Euglena  gracilis  becomes  quite 
colorless  when  cultivated  in  solutions  of  sugar  away  from  the 
light,  thus  suggesting  the  way  in  which  colorless  plants,  such 
as  the  fungi,  may  have  arisen  from  chlorophyll-bearing  ances- 
tors under  an  environment  which  supplied  an  abundance  of 
organic  food. 

Urogleiia  (Fig.  172,  B)  is  a  colonial  flagellate  which  frequently 
api)ears  during  the  summer  months  in  reservoirs  and  gives  a 
tishy,  oily  taste  and  odor  to  the  water,  making  it  unfit  for  use. 
Tlie  taste  and  odor  are  caused  ])y  globules  of  oil  that  are  set 
free  by  the  rui)ture  of  the  delicate  cells  when  the  water  is 
carried  through  pii)es.  This  is  one  of  the  organisms  which  can 
easily  be  destroyed  ])y  tretiting  reservoirs  with  co})i)er  sulphate.^ 

1  See  papers  by  Moon'  and  Kellerinan,  United  States  Department  of 
Agriculture,  Bureau  of  Plant  Industry,  Bulletin  04,  IIKM  ;  also  Bulletin  76^ 
UK);'). 


CHAPTER  XIX 
THE  THALLOPHYTES 

205.  The  thallophytes.  The  branch  Thallophyta  (meaning 
thallus  plants)  contains  the  lowest  forms  in  the  plant  kingdom. 
A  thallus  is  a  simple  vegetative  body,  without  stems,  leaves,  or 
roots,  in  the  usual  sense.  The  groups  of  the  thallophytes  fall 
naturally  into  two  series  knowTi  as  algse  and  fungi. 

The  algce.  The  algte  contain  chlorophyll  or  other  pigments 
which  can  do  the  work  of  photosynthesis. 

The  fungi.  Tlie  fungi  have  no  chlorophyll,  and  must  there- 
fore obtain  their  food  either  as  parasites  from  the  tissues  of 
living  plants  or  animals,  called  their  hosts,  or  they  may  live  as 
saprophytes  (meaning  decay  plants)  upon  the  products  of  decay. 

The  fungi  are  believed  to  have  been  derived  from  algie  which 
lost  their  color  and  gave  up  the  processes  of  photosynthesis 
because  they  happened  to  be  placed  under  conditions  favorable 
to  a  life  of  saprophytism  or  parasitism.  A  perfect  classification 
of  the  thallophytes  should  show  the  relationships  of  the  fungi 
to  the  algie,  but  these  are  so  little  understood  that  it  seems 
best  for  the  present  to  treat  the  two  groups  separately. 

The  thallus  is  not  really  the  distinguishing  character  of  the 
thallophytes,  for  some  higher  plants,  as  the  liverworts,  have 
thalloid  plant  bodies,  and  some  of  the  algie  have  a  stem  and  leaf 
structure  as  complex  as  that  of  the  mosses.  The  tliallophytes 
are  separated  from  the 'next  higher  group,  the  bryophytes  (liver- 
worts and  mosses),  by  the  absence  of  a  peculiar  type  of  life 
history  characterized  by  certain  complicated  reproductive  organs. 
These  peculiarities  cannot  l)e  understood  until  the  liverworts 
and  mosses  have  been  studied,  so  a  full  definition  of  the  thallo- 
phytes will  be  deferred  until  the  end  of  Chapter  XXIV. 
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CHAPTER  XX 
THE  ALGM,  THE  LOWEST  GREEN  PLANTS 

206.  The  alga.*  For  the  present  we  may  think  of  the  thallo- 
phytes  as  the  immense  assemblage  of  plants  below  the  liver- 
worts, mosses,  fems,  and  seed  plants.  In  number  of  species  and 
divergent  evolutionary  lines  the  group  is  much  the  largest  of 
the  four  divisions  of  the  plant  kingdom  {Thallophj/ta,  Brt/ophyta, 
Pteridophyta,  and  Spermatophyta). 

The  algae  are  thallophytes  whose  plant  bodies  are  colored 
l)ecause  the  cells  contain  chromatophores.  Almast  all  of  the 
fresh-water  forms  are  green,  but  the  majority  of  tlie  marine 
algie,  or  seaweeds,  are  eitlier  brown  or  of  beautiful  shades  of  red. 
The  green  color  is,  of  course,  due  to  chlorophyll,  while  the  brown 
and  red  tints  are  caused  by  other  pigments.  The  algie  are 
divided  into  four  classes  as  follows : 

Class  1.  The  blue-j?reen  alji^s  or  Cyanophyceft. 

Class  11.  The  green  algie,  or  Chhrophyrew. 

Class  III.  The  brown  algje,  or  Phwophyrctr.. 

Class  IV.  The  red  alga*,  or  RhodophyccfP. 

It  might  appear  from  the  al)ove  tliat  the  algie  are  claasified  by 
their  color,  but  tliis  is  not  true.  Tliese  four  groups  are  defined 
by  peculiarities  of  cell  structure,  life  history,  and  metluxls  of 
reproduction  which  can  only  be  un(lerst(M)d  through  a  study  of 
types  in  the  laboratory,  and  the  summaries  of  these  characters 

*To  THE  Instrittor  :  This  chapter  describes  many  mon;  tyi)e«  than  it 
would  be  desirable  to  prestMit  in  a  general  course.  The  instnictor  should 
make  selections  acconling  U)  the  material  available  (whicrh  varies  gn»atly  in 
different  sections  of  the  country),  and  the  lime  at  the  disposal  of  the  clas-H. 
A  brief  discussion  of  the  best  and  most  available  types,  and  the  reasons  why 
they  are  desirable  for  laboratory  work  will  be  found  in  the  laboratory 
manual  of  the  authors. 

173 


174 


THE  ALGJE 


must  follow  the  accounts  of  the  groups.  However,  it  is  an  inter- 
esting fact  that  representative  algie  of  these  four  classes  can 
generally  be  picked  out  at  a  glance  by  their  color  alone. 


CLASS  I.    THE   BLUE-GREEX   ALG.E,   OR 
CYANOFHYCE.^ 

207.  The  blue-green  algae.    The  simplest  tyi)es  of  plants  are 
found  among  the  blue-green  algie  and  in  that  related  group  of 

the  fungi  called 
the  bacteria. 
Some  of  tliese 
plants  are  the 
most  primitive 
forms  of  life 
now  present  on 
the  earth. 

208.  The  one- 
celled  blue- 
green  algae. 
These  forms 


Fig.  178.   Oiie-c'cllcd  bliu'-^reeii  algie  and  their 
cell  colonies 


w4,  Glaeocapmj  solitary  cell  and  small  j^roups  held  together  may  develoD  aS 

by  the  tliick  jjelat  inous  en veloiws ;  Ji,  C  'iathroct/stis  scrugi-  ,                    ^ 

nosa,  cell  colony  of  many  hnndreds  of  protoplasts  im-  slimy    groWtllS 

bedded  in  a  jelly-like  substance;  J",  single  cells  illustrating  ^jj    fjjg    surface 
division  by  fission 

of  stones,  wood- 
work, and  otlier  ol)jects,  but  certain  ty})es  lloat  freely  in  the 
water  in  small  groups,  or  sometimes  in  large  cell  colonies.  The 
following  ty})es  are  representative. 

G!(eoc((ps((  ^  (Fig.  17.S,  A)  consists  of  cells  with  peculiar  soft 
walls  which  form  concentric  envelojK^s  around  the  groups  of 
protoplasts.  It  is  evident  that  the  wall  of  each  protoplast  per- 
sists for  a  long  time  after  every  cell  division,  so  that  groups  of 

1  Chroijcorcus  is  an  excellent  substitute  for  Glrrocapsa,  and  Is  not  uncom- 
mon in  stagnant  ])ools  and  on  wet  clay  banks.  Its  cells  are  solitary  and  lack 
the  gelatinous  envelopes  of  Glxocapsa. 
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daughter,  granddaughter,  and  even  great-granddaughter  cells 
may  remain  inclosed  in  the  envelope  of  the  original  mother  cell, 
which  becomes  very  mucli  swollen  and  jelly-like.  Tlie  outer 
walls  of  the  groups  of  cells  finally  become  changed  to  a  soft 
mucilage,  so  that  the  groups  of  Glceocapsa  cells  form  at  times 
slimy,  dark  green  patches  over  damp  earth,  rocks,  and  logs. 
The  individual  protoplasts  have  an  exceedingly  simple  structure, 
for  the  coloring  matter  is  uniformly  distributed  through  the 
cells  and  no  nucleus  can  be  seen. 

Clathrocystis  and  Ccelosphccrium  are  free,  floating  cell  colonies, 
often  forming  greenish  scums  during  the.  summer  months  on 
the  surface  of  park  ponds,  reservoirs,  and  otlier  small  bodies  of 
water.  Tlie  colonies  of  CceloBph atrium  are  spherical,  while  those 
of  Clathrocystis  (Fig.  173,  7^)  become  irregular  in  shape  through 
tlie  development  of  holes,  so  that  the  structure  is  somewhat 
net-like. 

209.  The  filamentous  blue-green  algae.  These  frequently 
form  felted  or  tufted  growths  or  gelatinous  expansions  of  con- 
siderable size.  There  are  a  number  of  complex  branching  types, 
but  the  following  are  good  examples  of  the  asseml)lage. 

Oscillatoria  is  the  most  interesting  type  of  the  Cyaiwplujcecc 
if  only  one  form  can  ])e  studied.  The  filaments  are  generally 
made  up  of  flattened  disk-shai)ed  cells,  placed  face  to  face  within 
an  exceedingly  delicate  sheath,  much  like  a  roll  of  coins  wrai)ped 
in  j)ai)er."  Cell  division  takes  i)lace  in  all  portions  of  the  fila- 
ment, and  several  stages  are  illustrated  in  Fig.  174,  yl.  Growth 
is  therefore  not  confined  to  the  tip  or  any  other  si)ecial  region 
of  the  i)lant.  New  filaments  arise  by  the  breaking  apart  of  the 
older  ones,  generally  at  some  ])ohit  where  one  or  more  cells  have 
died  (Fig.  174,  Ay  d).  The  end  cells  of  filaments  or  fragments  of 
filaments  are  always  rounded,  illustrating  lx»autifully  the  i)he- 
nomenon  of  cell  turgor  or  pressure  from  within  the  protoplast 
ujMjn  the  cell  membrane.  The  cell  structure  of  Oscillatoria  is 
very  typical  of  the  blue-green  alga*.  Tlie  blue-green  })igment 
gives  color  to  the  entire  outer  region  of  the  protophist,  which 
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may  be  considered  a  diffused  chromatophore.  There  is  no  nucleus 
in  the  usual  sense  of  the  term,  although  the  central  r^ion  of  the 
cell  has  a  different  structure  from  the  outer  and  probably  contains 
chromatin.  Tlie  small  granules  arranged  along  the  cross  walls 
are  believed  to  be  food  products  built  up  by  the  activities  of 
the  blue-green  pigment  in  simlight  (photosynthesis).    OscUlato- 

ria  takes  its  name  from 
the  remarkable  move- 
ments of  the  filaments, 
whpse  free  ends  swing 
back  and  forth  describ- 
ing a  circle  or  an  ellipse, 
while  the  filaments  may 
glide  slowly  forward. 
The  cause  of  this  move- 
ment is  not  understood. 
Oscillatoria  is  found  in 
greatest  abundance  in 
open  drains,  ditches,  or 
pools,  where  the  water 
is  foul  with  decavin<; 
organic  matter.  Tliere 
it  may  form  thick  felts 
on  the  bottom,  or  rise 
to  the  surface  in  slimy 
masses  because  of  the 
bubbles  of  gas,  largely 
oxy^ren,  furnied  during  tlie  processes  of  photosynthesis  and  held 
within  tlie  tantj:le  of  filaments. 

A/iahrvna  and  Nosfoc  are  closely  related  genera.  Tlie  fila- 
ments are  chains  of  round  or  elliptical  cells.  Besides  the  blue- 
<(reen  vegetative  cells  there  are  present  at  intervals  curious  cells 
termed  hefcrocf/sfs  (meaning  other  cells),  which  are  generally 
larger  than  the  ve<,a4ative  cells,  lighter  in  color,  and  often  empty 
of  proto])lasni.    Their  function  is  not  clearly  understood.    The 


Fig.  174.   Filamentous  blue-green  algje 

A,  Oscillatoria ;  d,  dead  cell,  indicjiting  a  point 
where  the  filament  might  break  apart ;  /,  stages 
of  cell  fission;  li,  Anabwna;  h,  heterocyst ; 
5,  resting  cells;  f.\  Xostoc,  habit  sket<'h  of  a  col- 
ony and  the  detiiils  of  a  single  filament ;  h,  heter- 
ocyst; I),  GJw.otriL'hla,  portion  of  a  colony  and 
the  base  of  a  single  filament  in  detail;  A,  lieter- 
ocyst;  Sy  resting  cell 
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filaments  may  break  apart  on  either  side  of  the  heterocyst,  set- 
ting free  chains  of  cells  which  grow  into  new  filaments.  Certain 
vegetative  cells  in  Anabcena  increase  greatly  in  size  and  become 
densely  filled  with  protoplasm  and  food  material  and  sur- 
rounded by  a  thick  protective  wall  (Fig.  174,  B,  s).  Such  cells 
are  called  resting  cells,  or  spores,  and  they  are  able  to  live  through 
seasons-  of  drought  or  a  winter's  cold  and  with  the  return  of 
favorable  conditions  to  germinate  and  form  new  filaments.  The 
filaments  of  Anabcena  are  held  in  a  soft  slime,  but  those  of  Nostoc 
are  surrounded  by  a  stiff  jelly,  so  that  the  mass  of  much-coiled 
chains  of  cells  has  a  firm  boundary.  Consequently,  Nostoc  colo- 
nies (Fig.  174,  C)  may  have  a  spherical  form  and  become  as 
large  as  marbles.  The  slimy  or  jelly-like  substance  of  Anabwna 
and  Nostoc  is  a  modification  of  the  delicate  slieath  around  the 
filaments  and  corresponds  to  the  envelopes  about  the  cells  of 
Glosocapsa, 

Glcwtrichia  (Fig.  174,  D)  sometimes  develops  in  such  quan- 
tities in  ponds  and  lakes  during  the  summer  as  to  form  a 
brilliant  green  scum  on  the  surface  of  the  water.  Tlie  fila- 
ments have  a  radiate  arrangement  in  a  soft,  gelatinous  sub- 
stance and  end  in  long  hairs,  and  a  very  large  resting  cell  may 
l)e  formed  at  the  base  of  each  filament  adjacent  to  the  terminal 
heterocyst. 

210.  Life  habits  of  the  blue-green  algae.  Tlie  Cyanophyceoi 
have  some  peculiar  life  liabits  of  ecological  interest.  Tliey  are 
generally  found  in  warmish  waters,  both  fresh  and  salt,  and 
many  of  the  forms  prefer  those  which  are  foul  with  decaying 
organic  matter.  Tlius  open  drains  and  reeking  pools  of  stagnant 
water  present  luxuriant  growths  of  these  algiu.  It  is  probable 
that  the  plants  actually  use  for  food  certain  of  the  organic  sub- 
stances in  such  waters.  Some  of  the  most  conspicuous  green 
scums  on  ponds  and  small  lakes  are  composed  of  certain  of  these 
algie  (Codosphccrium,  Clathrocystis,  Anabcena,  and  Glceotrichia^ 
etc.).  Such  scums  may  be  called  water  blooms,  after  the  (German 
term  WasserbliUhe.    The  coloration  of  the  Red  Sea  is  due  to  an 
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extensive  water  bloom  caused  by  a  filamentous  blue-green  alga 
{Trichodesmium)  wliich  at  times  fills  the  water,  and  whose  color, 
a  reddish  brown,  gives  then  a  peculiar  tint  to  the  sea. 

Some  forms  (Anabcena,  Clathrocystis,  and  certain  species  of 
Oscillatoria)  are  frequently  responsible  for  the  fouling  of  water 
supplies  which  take  on  what  is  called  the  "  pigpen  odor,"  and 
are  otherwise  unfit  for  public  use.  ^  All  of  these  blue-green  algae, 
together  with  the  flagellate  Uroglena,  can  be  killed  by  treating 
the  reservoir  or  other  body  of  water  with  copper  sulphate  (see 
Sec.  204),  a  perfectly  safe  and  inexpensive  remedy  for  contami- 
nated water  supplies. 

Perhaps  the  most  remarkable  display  of  tlie  blue-green  algae 
is  in  the  waters  of  certain  hot  springs,  as  in  Yellowstone 
National  Park.  It  is  doubtful  whether  any  algoe  except  the 
Cyanoinliyccm  can  live  in  water  warmer  than  100°  F.  (40°  C), 
but  some  of  the  bhie-green  algie  grow  luxuriantly  in  hot  springs 
at  137°-145°  F.  (58°-63°  C).  It  is  probable  that  their  simple 
cell  structure  makes  p()ssi1)le  a  greater  pow6r  of  resistance  to 
these  extraordinary  life  conditions. 

211.  Summary  of  the  blue-green  algae.  The  Cyaiwphycecf: 
are  distinguished  from  other  groups  of  algie  by  the  simpli- 
city of  their  cell  structure,  the  absence  of  sexual  reproduction, 
and  the  presence  of  a  blue-green  pigment  uniformly  diffused 
through  the  outer  region  of  the  cells.  The  method  of  growth 
by  rapid  divisions  or  splitting  of  the  cells  throughout  the  entire 
plant  l)ody  is  a  very  characteristic  feature  of  the  gi'oup,  and 
the  blue-green  algic  are  sometimes  called  the  "fission  algie" 
{Si'hizophycccr). 

Tlie  blue-green  algae  agree  with  the  bacteria,  or  "fission  fungi" 
(Scliizof/iycefes)^  in  their  simplicity  of  cell  structure  and  methods 
of  reproduction,  but  the  bacteria  are  of  course  generally  without 
pigment.  It  is  cjuite  clear  that  the  Cyanophycece  and  the  Schizo- 
niycctes  are  closely  related,  and  some  authors  place  them  together 
in  a  separate  divisiim  of  the  plant  kingdom  below  the  Thallo- 
phyia,  named  the  Scltlzophyta,  or  "  fission  plants." 
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CLASS  II.   THE  GREEN  ALGiE,  OR  CHLOROPHYCE^ 

212.  The  green  algae.  The  green  algte  comprise  a  large  and 
varied  assemblage  of  groups,  many  of  which  are  widely  different 
from  one  another.  Some  forms  of  the  Ghlorophyceoe  are  believed 
to  stand  rather  close  to  what  was  the  main  line  of  ascent  from 
the  algae  to  the  liverworts  and  mosses.  Consequently  the  class 
has  an  important  place  in  an  account  of  the  evolution  of  the 
plant  kingdom.  Tlie  green  algie  illustrate  better  than  any  other 
group  the  origin  and  evohition  of  sexual  processes  in  plants. 
Since  the  more  familiar  algal  growths  of  fresh  water  are  green 
algie,  a  more  extended  treatment  of  the  Chlorophyceoe  will  be 
given  than  of  the  less  familiar  groups  of  the  Cyanophycece, 
Phaophyccce,  and  Bhodophycece,  and  the  following  six  orders  will 
be  considered  together  with  a  "  Summary  of  the  Green  Algae," 

Order  1.  The  one-celled  green  aigae,  or  Protococcales. 

Order  2.  The  confervas,  or  Confervales. 

Order  3.  The  jxind  sciuns  and  desniids,  or  Conjugales, 

Order  4.  The  diatoiuH,  or  Dintojuales. 

Order  5.  The  siphon  alga%  or  Siithonnles. 

Order  (5.  The  stoneworUs,  or  Charales. 

Order  1.  The  One-celled  Green  Aiajb:,  or  PnorororcALEs 

213.  The  one-celled  green  algae.  Tliis  order  contains  almost 
all  of  the  one-celled  green  algie  excepting  the  lar^^e  but  very 
8])ecial  groups  of  the  desmids  and  diatoms.  We  can  only 
des(Til)e  brietiy  five  tyi)es. 

214.  Pleurococcus.  Plevrococcu}i{i^n\\\\  PkHrococcace(r)lor\\\^ 
the  green  coating  or  stain  that  is  very  common  on  tlie  north 
sides  of  tree  trunks,  fences,  and  stone  walls.  The  cells  (Fig.  175) 
may  be  solitary,  but  they  usually  remain  associated  in  small 
groups  for  some  time  fifter  the  cell  divisions.  Tlie  i)n)t()i)last 
contains  generally  a  single  clironiatophore  of  irre<^'ular  shai)e 
which,  as  a  rule,  tills  the  greater  ])art  of  the  vxA\.  The  clironia- 
tophore is,  however,  variable  in  size  and  may  or  may  not  have 
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a  pyrenoid  (Sec.  196).  Tlie  nucleus  can  sometimes  be  seen  in 
the  center  of  the  cell.  The  cells  are  exceedingly  resistant  to 
cold  and  drought,  but  under  very  severe  conditions  they  protect 
themselves  by  forming  a  heavy  cell  wall,  thus  becoming  resting 
cells.  Sometimes  the  contents  of  a  cell 
break  up  into  several  daughter  proto- 
plasts, but  as  a  rule  the  only  method 
of  reproduction  is  by  simple  cell  divi- 
sion. Other  forms  of  one-celled  algte, 
with  more  complicated  methods  of  re- 
production (by  zoospores  and  gametes), 
are  frequently  found  associated  with 
Pleurococcus,  but  should  be  carefully 
distinguished  from  this  simple  alga. 

PleuTococcus  may  seem  almost  as 
simple  as  the  one-celled  blue-green  alga 
Glfeocapsa,  but  its  cell  structure  with 
a  chromatophorc?  and  well-defined  nucleus  is  far  in  advance  of 
the  Cf/anophi/cca:. 

215.  Sphaerellaand  Volvox.*  Tliese  forms  are  representatives 
of  one  of  the  most  interesting  families  of  the  green  algae,  the 
Volvox  family^  {Volvocacca:).  The  lowest  members  are  one- 
celleil  and  resemble  the  tiagellates  (Sec.  204),  but  the  higher 
forms  are  cell  colonies  of  remarkable  structure  and  life  histories. 
The  ve<jjetative  cells  are  motile,  being  always  provided  with  two 


Fig.  176.  Pleurococcus  vul- 
garis, a  one-celled  green 
alga 

Several  cells  illustrating  the 
method  of  cell  division  and 
their  association  in  small 
groups 


*  To  Tin:  iNSTurcTou :  It  is  rather  difficult  to  obtain  material  of  the 
Vvlvoz  family,  and  it  cannot  be  depended  upon  for  type  study.  Therefore 
hiburatory  work  on  the  reproductive  j^rocesses  in  the  algae  can  much  better 
be  arrang(Ml  with  such  tA^K's  as  Ulothrlx,  or  Ulva^  or  some  form  of  the  ChcB- 
tophoraretr,  or  Clwlophora^  (Edogonium^  or  Vaurheria  and  Fucus.  But  the 
VoUocarccv  and  Flagellata  are  so  important  to  a  conception  of  certain  primi- 
tive conditions  of  alpil  life  that  tliey  should  be  discussed  in  any  extended 
general  coui-so.  Tlie  fact  that  zooloj^ists  have  found  Volvox  and  its  relatives 
of  interest  should  not  deter  botanists  from  making  use  of  their  own. 

^  For  a  detailed  account  of  the  Volvocaceat  see  Goebel,  Outlines  of  Classi- 
fication mid  Special  Morphology  of  Plants,  and  p:ngler  and  Prantl,  Die  NatUr- 
lichen  Pflanzcnfamilien. 
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hair-like  cilia,  whose  incessant  whipping  of  tlie  water  (uvrries  the 
organism  along.  Tliere  is  also  a  red  pigment  8iK)t  at  tlie  ciliatetl 
end  of  the  cell  (Fig.  176,  A,  p).  This  free-swimming,  ciliated 
cell  is  of  a  type  strikingly  different  from  IHenrocovvuH,  but  it 
is  believed  to  represent  very  nearly  the  ancestral  condition  of 
many  groups  of  algse. 

Sphcerella  lacttstris  {Hcematococcus  pluvialvi)  is  found  freely 
swimming  in  rock  pools  and  sometimes  in  troughs  and  l)aHinH, 


J.  B,  SfkmrtOm  l^rmMriM:  a  mnzl*  ^^11  in  d#^ail  and  a  srr^p  '4  -tkrixtz^r  pcrjO»- 
pUiu  wkhm  tie  jmnmi  «<rll.  ^  ,  Ij,  Sphsn^Ua  HmtMrJ^ln .  c-ac^rr-c^  vx^'.  m- 
■al  cic^Kati 4r  4111  !>■  an^  <t^nm  \u  xhf.  foimt  <^I  *  .  az»i  /'  .V.-xasrv.^  shaKr 
fosaoM  ia  pant  t*  jpre  dbft  ftMraallj  ii^natd  <-ei]  <:>r  zTz^iff^fr^ff^  z  —  /;.  a^;<r 


and  is  fmivKtillr  f?^*  a>yiindant  as  t^>  c»I«t  the  ^i^iCrr  a  t-^^c 
gre*XL  Tie  fff^jaciftin  nkaliip!:*^  ver%'  rapiiy. :  t  cL-r  Lirz«rir  ir.  ii- 
\TdiMil*  «T^  17^.  ,^|  f^^TTii  2^U:  dau^'htrr  :yr'l^  Pv-.  I'-:  .£f . 
which  49fta(}^  fpooBi  rfj*r  nyich'-r-oell  nriL' ri::-=--  -^r^  ltij  in-: 
after  a  ;A«wi  ^if  ^/wzh  forzi,   iz,   thr.r   :^n    i   z.^^   rr^.     c 
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unfavorable  seasons  and  are  sometimes  developed  so  numerously 
as  to  cover  the  bottom  of  pools  and  rock  hollows  with  a  red 
deposit.  The  phenomenon  called  "  red  snow  "  is  due  to  deposits 
of  the  resting  cells  of  Sphcerella  nivalis  on  fields  of  snow  and  ice. 
Some  species  of  Sphcerella  (Fig.  176,  C)  develop  a  much  greater 
number  of  daughter  elements,  32  to  64,  which  are  much  smaller 

than  those  just  described,  but 
have  the  same  structure.  These 
smaller  cells  swim  about  freely 
for  a  short  time,  and  then  come 
together  in  paii-s  and  completely 
fuse  with  one  another,  beginning 
at  the  ciliated  ends  (Fig.  176,  D). 
A  cell  fusion  of  this  character  is  a 
sexual  act  (Sec.  200)  and  the  cells 
which  unite  are  gametes.  The  sex- 
ually formed  fusion  cell  or  zyg- 
ospore of  Sphxrella  soon  settles 
down  on  some  surface  and,  losing 
its  four  cilia,  remains  quiet  for 
several  days  or  weeks,  finally  de- 
veloping within  itself  several 
motile  cells  of  the  usual  type. 

Volvox  (Fig.  178,  ^1)  is  a  colo- 
nial form  consisting  of  many  hun- 
dreds of  cells  (sometimes  more 
than  twenty  thousand)  imbedded 
in  a  gelatinous  substance  in  the 
form  of  a  si)]iere,  with  tlie  pairs  of  cilia  pointing  outwards. 
These  remarkable  organisms,  as  large  as  pin  heads,  roll  slowly 
through  the  water  of  ([uiet  ])ools  and  ponds,  sometimes  gather- 
ing in  great  numbers  in  open  sunlit  ]>ortions,  free  from  water 
weeds  and  algal  growths.  Daughter  colonies  (Fig.  178,  A,  d)  ai*e 
formed  fr(Mn  certain  cells  which  after  a  period  of  growth  develop 
a  large  num])er  of  motile  cells  like  the  parent.    These  small  cells 


Fig.  177.    Chlamydomonas 
Braunii 

Chlaini/domonas  is  not  uncommon 
in  the  sunn;  sort  of  situations  as 
Sphivrella.  It  may  be  distinguished 
from  the  latter  by  the  absence  of 
a  thick  jj:elatinous  envelope  around 
the  cells.  Some  of  the  forms  show 
important  advances  over  Sphm- 
rclhi  in  their  sexual  ])roccsscs,  for 
the  gametes  may  be  of  two  sizes, 
large  female  and  small  male  cells, 
as  shown  above,  z,  the  zygospore. 
—  After  Gorosehankin 
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become  arranged  to  form  a  daughter  colony  which  swims  around 
in  the  interior  of  the  mother  colony.  Sometimes  several  of  the 
daughter  colonies  may  be  developed,  and  they  finally  escape 
by  the  rupture  of  the  parent  structure.  The  sexual  cells,  or 
gametes,  are  of  two  sorts :  (1)  large  female  cells,  which  are  called 
eggs  because  they  are  without  cilia  and  consequently  never 
motile,  and  (2)  small  male  cells,  or  sperms,  of  peculiar  form, 
with  two  cilia,  and  consequently  very  actively  motile.    The  eggs 


Fig.  178.    Volwx  globator^  a  colonial  fonn  of  the  Volvocacece 

A,  mature  colony,  with  four  daughter  colonies  developing  in  its  interior;  B,  sec- 
tion of  the  edge  of  the  cx>lony,  showing  three  vegetative  cells  and  a  developing 
^KK;  ^\  ^  packet  of  sperms  within  tlie  pan;nt  cell  and  a  single  sperm  very 
much  magnified  at  the  side;  />,  an  e^g  surrounded  by  a  swarm  of  sperms; 
E,  an  oospore  with  heavy  protective  wall.  —  t\  after  Cohn. 

(Fig.178,  B,  Z>),  formed  by  the  enlargement  of  vegetative  cells, 
escape  into  the  interior  of  the  colony  as  naked  spherical  proto- 
plasts. The  sperms  (Fig.  178,  C)  are  developed  in  great  num- 
bers within  enlarged  vegetative  cells.  They  are  also  set  free 
within  the  parent  colony  and  gather  about  the  eggs  in  swarms 
(Fig.  178,  D),  Finally,  a  single  sperm  fuses  with  each  egg,  which 
is  then  said  to  be  fertilized.  Tlie  fertilized  egg  immediately 
forms  a  cell  wall  al)out  itself  and  ptisses  through  a  period  of 
rest  as  an  oospore  (Sec.  200). 
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Volvox  thus  presents  a  great  advance  over  Sphcerella, 
Chlamydomonas,  and  other  one-celled  members  of  the  Volvo- 
cacece,  in  the  highly  developed  sexual  process  as  well  as  in  the 

complex  cell  colony.  There  is,  how- 
ever, a  series  of  genera  {Goniu7n,  Pan- 
dorina,  Eudorina,  Pleodorina,  etc.)  in 
the  family,  illustrating  intermediate 
conditions  between  these  extreme 
forms,  which  makes  it  clear  that  Vol- 
vox stands  at  the  head  of  a  remark- 
able line  of  development  in  the  algae. 
It  may  be  considered  the  climax  type 
of  a  side  line  of  evolution, — that  is, 
a  branch  which  departs  widely  from 
the  main  line  of  ascent. 

Order  2.  The  Confervas,  or 

COXFERVALES 


Fir;,  170.    The  water  net 
{HydrodU'iyon) 

This  is  a  roinarkable  form  of 
the  Protococvdlos,  wlioseeells 
form  the  meshes  of  a  net-like 
cell  colony,  A.  New  nets  are 
formed  in  the  interior  of  larj;e 
cells,  7>,  which  develop  an 
immense  number  of  zocispores 
that  never  escapi'  from  the 
mother  cell,  hut  join  with  one 
another  to  form  dauj;hter 
nets,  which  are  set  free  by  the 
breakingdown  of  the  mother- 
cell  wall 


216.  The  confervas.  Tlie  Confer- 
vales  comprise  many  very  common 
filamentous  alga^  and  also  such  mem- 
branous forms  as  the  sea  lettuce.  Tlie 
alga^  which  seem  to  be  nearest  to  the 
main  line  of  ascent  to  the  liverworts 
and  mosses  are  found  in  this  group. 
Some  of  the  types  illustrate  espe- 
cially well  the  principal  forms  of  sex- 
ual  reproduction    in    the    algiB   and 


various  types  of  life  histories. 
217.  Ulothrix.  This  confervoid  alga  (family  Ulothricacecc) 
is  abundant  on  stones  and  rocks  along  the  shores  of  the  great 
lakes,  in  quieter  waters  at  the  seaside,  and  frequently  grows  in 
stone  fountains  or  on  stonework  around  park  ponds.  The  fila- 
ments are  un branched,  and  each  consists  of  a  row  of  similar 
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cells.  Each  cell  contains  a  single  chromatophore  with  pyrenoids, 
which  has  the  form  of  a  wide  band,  or  girdle,  just  under  the 
cell  wall,  and  generally  surrounds  the  nucleus  in  the  middle 
region  of  the  ceU  (Fig.  180,  A,  B).  The  filaments  are  attached 
at  one  end  (Fig.  180,^),  and  the  growth  by  cell  division  takes 
place  throughout  the  entire  length  and  is  not  confined  to  the 


Fio.  180.    Ulothrix  zoncUa 

Af  base  of  filament,  showing  its  attaclinicnt  and  cells  containing  band-shaped 
chromatophores  with  pyrenoids;  B,  portion  of  a  filament  about  fifty  cells 
above  the  base,  showing  a  vegetative  cell  below  and  two  cells  which  have 
formed  4  and  8  zoospores  respectively ;  C,  the  zoospores,  each  with  a  pigment 
spot  and  four  cilia;  J),  stages  in  the  germination  of  the  zo(>8pore;  E,  portion 
of  a  filament  illustrating  the  formation  of  gametes,  64  in  each  cell;  F,  the 
gametes,  showing  pigment  spot  and  two  cilia,  and  stages  in  their  fusion  to  form  a 
four-ciliate  zygospore  with  two  pigment  spots ;  Cr,  germination  of  the  zygospore, 
which  develops  a  number  of  zoospores.  —  G,  after  Dodel 

tip  as  in  some  alg^e.  The  cells  in  the  upper  portions  of  older 
filaments  (Fig.  180,  ^)  develop  a  type  of  reproductive  cell  very 
common  among  the  algte,  called  the  zod'spore  (meaning  animal 
spore)  because  of  its  animal-like  habit  of  swimming  about. 

Zoospores  are  naked  ciliated  protoplasts  formed  within  parent 
cells  called  sporangia.  They  swim  rapidly  through  the  water, 
and  each  generally  contains  a  red  pigment  sjxjt.    Zoospores  are 
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attracted  by  light  and  collect  at  the  illuminated  side  of  a  vessel, 
forming  a  green  cloud  in  the  water.  Because  of  these  habits, 
and  their  rapid  darting  to  and  fro  in  the  water,  they  are  often 
called  swarm  spores. 

The  zoospores  of  Ulothrix  are  developed  most  numerously  at 
night  and  are  set  free  from  the  parent  filaments  chiefly  during 
the  morning  hours.  Sometimes  the  entire  protoplast  slips  out  as 
a  single  large  zoospore,  but  more  often  2,  4,  or  8  zoospores  are 
formed  in  each  parent  cell  (Fig.  1S0,B),  They  are  roundish  or 
pear-shaped  (Fig.  180,  C),  with  four  cilia  at  the  pointed  end,  and 
each  contains  a  red  pigment  spot,  chromatophore,  and  nucleus. 
The  zoospores  thus  resemble  the  organisms  called  flagellates 
(Sec.  204),  and  like  them  swim  freely  around  in  the  water  by 
the  lashing  movements  of  their  cilia.  But  the  zoospores  have 
a  relatively  short  free-swimming  period,  for  after  perhaps  an  hour 
or  more  they  attach  themselves  by  the  ciliated  ends  to  various 
objects  and  grow  into  new  Ulothrix  filaments  (Fig.  180,  i>). 

At  times  a  much  greater  number  of  zoospores  may  be  de- 
veloped in  the  parent  cells,  —  perhaps  32  or  64,  or  even  more 
than  a  hundred  (Fig.  180,  J^).  These  have  generally  only  two 
cilia  and  are  much  smaller  than  the  four-ciliate  zoospores,  but 
otherwise  have  the  same  structure.  They  swim  very  actively 
for  a  short  time,  and  then  come  together  in  pairs  in  the  water 
and  fuse  with  one  another  (Fig.  180,  F).  Tliis  cell  union  is  a 
sexual  process  (see  Sec.  200),  and  the  small  two-ciliate  zoospores 
are  therefore  sexual  elements  and  are  called  gametes.  The  result 
of  this  fusion  is  a  sexually  formed  cell  called  a  zygospore 
(meaning  a  yoked  spore),  because  the  two  gametes  are  similar, 
like  the  halves  of  a  yoke,  and  not  different  in  form,  as  the  sperm 
and  eg^  (see  Fig.  178,  Volvox).  This  simple  type  of  sexual 
reproduction  is  termed  isogamy,  l)ecause  the  gametes  have  the 
same  form,  or  morphology.  The  zygospore,  of  course,  corresponds 
to  the  fertilized  egg,  or  oospore,  characteristic  of  higher  plants. 

The  zygospore  of  Ulothrix  swims  about  for  a  short  time  with 
its  four  cilia,  and  may  only  be  distinguished  from  the  large 
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four-ciliate  asexual  zoospores  by  its  two  pigment  spots.  It  finally 
comes  to  rest  and  remains  quiet  for  many  weeks  or  several 
months,  but  slowly  increases  in  size.  Finally,  the  zygospore 
develops  several  zoospores  (Fig.  180,  G),  which  escape  from  the 
cell,  swim  off,  and  develop  new  Ulothrix  plants. 

218.  The  sea  lettuces.  The  sea  lettuces  include  Ulva  and 
its  relatives  (family  Ulvacecc),  and  are  very  common  along  the 
seacoast,  forming  green ^ 
fringes  on  the  rocks  and 
wharves  near  low  water- 
mark. The  thallus  is  a 
thin  green  membrane  (Fig. 
181,-4)  instead  of  a  fila- 
ment as  in  Ulothrix,  Zoo- 
spores and  gametes  (Fig. 
181,  ^,  (7)  are  developed  in 

Tlie  cells  along  the  edge 
of  the  membranes.  Their 
structure,  methods  of 
formation,  and  habits  are 
essentially  the  same  as  in 
Ulothrix,  and  the  sea  let- 
tuces are  equally  good  for 
the  study  of  these  points, 
and  they  are  sometimes 
more  available  than  Ulo- 
thrix for  those  living  at  or 
near  the  seacoast. 

219.  The  origin  of  sex  in  plants.  Ulothrix,  Ulva,  and  some 
other  types  show  clearly  that  the  simplest  forms  of  gametes 
in  plants  are  closely  related  to  zoospores,  for  they  are  devel- 
oped in  the  same  way  and  have  a  similar  structure.  Indeed, 
the  gametes  of  these  lower  plants  frequently  germinate  directly 
like  zoospores,  thus  showing  that  the  sexual  habit  of  fusing 
with  one  another  is  not  firmly  fixed.    However,  the  plants  that 


Fio.  181.  The  sea  lettuce  (Ulm) 

A,  habit  sketc*h;  B^  cells  forming  four-ciliate 
zo<'>8pore8 ;  ( ',  two-cil  iate  gametes. —  Adapted 
after  Thuret 
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develop  from  such  gametes  are  generally  smaller  and  weaker 
than  those  which  come  from  the  usual  zoospores.  For  these 
reasons  it  seems  evident  that  the  gametes  of  plants  arose  from 
zoospores,  or  motile  cells  similar  to  zoospores,  which,  adopting 
the  habits  of  fusing  in  pairs,  became  sexual  cells.  Such  types 
as  Ulothrix  and  Viva  have  an  especial  interest  because  they 
illustrate  the  general  conditions  which  must  have  been  present 
with  the  origin  of  sex  in  any  group  ^f  plants. 

220.  (Edogonium.  (Edogonium  (family  CEdogoniacece)  is  one 
of  the  best  illustrations  in  the  green  algje  of  the  highef  sexual 
condition  where  the  gametes  become  differentiated  and  specialized 
as  eggs  and  sperms. 

The  species  are  unbranched,  filamentous,  fresh-water  forms, 
attached  by  a  disk-like  development  from  the  lowest  cell  (Fig. 
182,  A)  called  a  holdfast.  The  cells  have  large  chromatophores 
of  irregular  form,  containing  pyrenoids.  There  are  sets  of  curi- 
ous lines  called  caps  across  the  ends  of  many  of  the  cells 
(Fig.  182,  7?,  c),—? structures  peculiar  to  this  family,  —  which 
result  from  a  methoif  of  cell  division  too  complicated  to  be 
described  here.^  Zoospores  are  developed  singly  in  the  cells, 
and  are  large  protoplasts  with  a  circle  of  cilia  at  a  colorless  end 
(Fig.  182,  D).  After  swimming  about  for  a  short  time  the 
zoospores  settle  down  on  the  ciliated  end,  develop  the  hold- 
fasts, and  grow  at  once  into  new  filaments. 

The  sexual  cells,  or  gametes,  of  (Edogonium  are  eggs  and  sperms. 
The  eggs  are  developed  singly  in  enlarged  cells,  which  are  the 
female  sexual  organs  (Fig.  182,  B)  and  are  called  odgonia 
(singular,  o'ogoniuin).  The  entire  protoplast  of  the  oogonium 
becomes  the  ei^^^'  (Fig.  182,  7?,  c),  which  remains  within  the  oogo- 
nium as  a  naked,  motionless  cell,  without  cilia,  and  is  richly 
supplied  witli  chromatophores  and  food  material.  The  sperms 
are  developed  in  pairs  in  sliort,  disk-shaped  cells,  which  are 
found  in   small  groups,   forming  tlie    male    sexual  organ,  or 

1  See  Goebel,  Outlines  of  Classification  and  Special  Morphology  of  PlarUs, 
p.  44. 
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antheridium  (Fig.  182, 
B,  a).  The  sperms,  fre- 
quently called  anthero- 
zoids  by  botanists,  are 
small,  almost  colorless 
protoplasts,  with  a  cir- 
cle of  cilia  at  ©ne  end 
(Fig.  182,  C)  like  the 
zoospore.  Tliey  are  in 
sharp  contrast  to  the 
eggs,  being  actively  mo- 
tile, ciliated,  and  with 
very  much  i:educed 
chromatophore  and  food 
contents. 

A  cleft,  or  pore  (Fig. 
182,  Bf  c),  is  formed  in 
the  oogonium  so  that 
the  s]:)erms  may  enter, 
and  one  of  them,  fusing 
with  the  egg,  fertilizes 
it.  The  egg  after  fertili- 
zation develops  a  heavy 
wall  (Fig.  182,  B,  o) 
and  becomes  an  oospore 
(meaning  an  egg  spore). 
Tlie  oosi)ores,  thus  pro- 
tected, can  live  through 
drought  or  winter's  cold 
and  so  survive  seasons 
of  the  year  impossible 
for  vegetative  growth. 
On  the  return  of  favor- 
able conditions  they 
germinate,  each  oospore 


Fh;.  182.   (Edogonium  nodulosum 

A,  base  of  filament  showinjj  holdfast :  li,  filaments 
with  0(")^onia  and  anthoridia;  e,  an  e^l^  ready 
for  fertilization,  showinjj  the  cleft  for  the  en- 
trance of  the  sperm ;  o,  the  thick-walled  oospore ; 
a,  antheridinm,  composed  of  four  cells;  c,  caps; 
C\  sperms,  showing  crown  of  cilia ;  J),  zoospore ; 
JC,  germination  of  the  o<>spore,  producing  four 
zoospores.  —  C,  />,  £,  after  Juranyi 
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giving  rise  to  four  large  zoospores  (Fig.  182,  E),  which  develop 
at  once  into  (Edoyonium  plants. 

Both  eggs  and  sperms  are  believed  to  have  been  derived  from 
simpler  ancestral  types  of  ciliated  gametes,  similar  in  structure 
to  one  another  and  to  the  zoospore.  These  ancestral  sexual 
conditions  must  have  been  those  of  isogamy,  somewhat  as  is 
at  present  illustrated  in  Ulothrix.  The  originally  similar 
ciliated  gametes  varied  in  size.  The  smaller  reduced 
their  chromatophore  and  food  contents  because  they 
were  formed  in  large  numbers  but  retained  their  cilia 
and  thus  became  the  small  active  sperms.  Tlie  larger 
gametes  accumulated  rich  supplies  of  food,  became  slug- 
gish, finally  lost  their  cilia  and  swim- 
ming habits,  and  at  last  were  retained 
within  and  protected  by  the  oogonia, 
thus  becoming  large  nonmotile  eggs. 

It  is  clear  that  the  plant  gains  very 
much  by  differentiating  and  specializ- 
ing its  gametes  as  eggs  and  sperms,  for 
the  eggs  are  protected  and  richly  sup- 
plied with  protoplasm  ^md  food,  while 
the  sperms  are  developed  very  numer- 
ously and  are  well  adapted  to  swim 
actively  about  in  the  water,  where  they 
are  attracted  to  the  eggs  by  substances 
secreted  by  its  protoplasm.  The  higher 
sexual  condition,  as  in  (Edogonmm, 
wliere  the  gametes  are  eggs  and  sperms,  is  called  heterogamy 
because  the  gametes  are  dissimilar,  in  contrast  to  isogamy  (see 
account  of  Ulothrix,  Sec.  217). 

221.  The  Chaetophoraceae.*  The  members  of  this  family, 
including  such  common  genera  as  Stigeoclonitim,  Drapamaldia 

*  To  THE  Instrittor  :  It  does  not  seem  to  be  generally  known  that  forms 
of  the  Chvctophoraceoc  are  almost  ecjuaUy  good  types  for  the  study  of  zoo- 
spores as  Ulothrix  and  may  be  readily  substituted  for  that  form,  Stigeockmium 


Fio.  183.  Draparnaldia,  one 
of  the  ChoetopJioracece 

^,  habit  sketch ;  B^  side  branch, 
discharging  large  four-ciliate 
zoospores  formed  singly  in 
the  cells 
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(Fig.  183),  and  Ch4rtopk(^a^  are  mure 
complex  than  tVo^/t  rtjr,fcirlliev  winsisi 
of  branching  filaments  of  jiecuIiarformR. 
However,  the  cell  structure,  life  liii=i- 
tories,  methods  of  rej*roducti<^»n,  and  low 
sexual  conditions  (i^rjw^amy)  <A  iLese 
types  all  show  relationshi]:*?  Vj  ibe  Ll<^ 
thricacece.  They  are  of  e.sj»ecial  interest 
as  leading  up  from  the  level  of  lli^ 
thrix  to  the  highest  form  of  the  Con- 
fervales,  the  genus  CoU/Kh<KU. 

222.  Coleoch^ste.  CoUochaU  (i^mnly 
ColeocJujctacecc)  c^»n tains  a  numl»er  of 
species  which  live  in  fresh  water,  at- 
tached to  the  stems  and  leaves  of  water 
weeds,  and  they  frecjuently  aj>pear  on 
the  sides  of  aquaria.  Srime  of  the  forms 
are  circular  flat  plates  or  cushions  of 
cells  that  really  consist  of  systems  of 
filaments  radiating  out  from  a  center.  ^'*^'- 1^-*-  <^''<it'<>;>*'^»'»i 
Large,  two<;iliate  zoosiKjres  are  formed  Thisiarjre.muoh-bmnoiuNi.rti 
smgly  m  the  cells.  Ine  temale  organ,  species oommon  in  innhfm'Ui 
oogonium,  is  a  large,  flask-shaj)ed  cell 
with  a  long  neck  (Fig.  185  A,  o).  Its 
protoplasm  forms  a  single  sjJierieal  egg 
which  nearly  fills  the  lower  swollen 
portion  of  the  oogonium,  and  the  neck 
finally  opens  above  to  allow  the  en- 
trance of  the  sperms.  The  male  organs, 
antheridia  (Fig.  185,  A,  a),  are  small 
cells,  generally  in  groups,  each  of  which  develops  a  two-ciliate 
sperm. 


and  salt  water.  /.(H'>s}x>nyi, 
li,  are  fornuMi  f^ene rally 
in  terminal  siwranj^ia,  and 
there  are  ^metes  whieh  fuse 
in  pairs,  <\  aa  in  rhthrix. 
The  ohier  cells  contain  larjro 
nnml)ers  of  nuclei,  and  thin 
form,  with  certain  rtdatlven 
(family  Claiiophoracfir),  ws 
cupy  a  })osition  somewhat 
internuHliato  between  th« 
Cof{fervul('»  and  Sipfiouaie^ 


and  Drapamaldia  are  common  on  Btonos  in  clear  l)n>()kH  and  in  HpringR. 
Cladophora  (Fig.  184)  is  also  a  good  iy\yQ  for  labonitory  study  anil  vory 
common. 
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The  fertilized  egg  becomes  an  oospore  within  the  oogonium 
and  is  further  protected  by  a  cellular  envelope  (Fig.  185,  B) 
developed  from  short  filaments  which  grow  up  around  the 
structure  (Fig.  185,  A,f),  making  a  conspicuous  fructification. 

The  oospore  germinates  the 
following  spring,  forming 
within  itself  a  small  group 
of  cells  (Fig.  185,  C),  each  of 
which  gives  rise  to  a  zoo- 
spore. The  decay  and  ruptur- 
ing of  the  fructification  allows 
the  zoospores  to  escape  and 
start  new  Coleochcete  plants 
at  the  beginning  of  each  sea- 
son. The  fructification  of  Co- 
leochcete serves  to  multiply 
,  „,  ,    . ,    tlie  number  of  zoospores  pro- 

J,  filaments  with  an  oogonium  o,  autnend-  ,         ..  . 

ium  a,  and  a  sperm  above;  /,  fertilized  duccd  by  the  OOSporC,  wllich 
egg  in  its  oogonium  becoming  surrounded 
by  short  filaments  from  the  cell  below ; 
B,  oospore  completely  inclosed  in  a  cel- 
lular envelope  derived  from  filaments  such 
as  are  shown  in  A,f;  C,  germination  of 
oospore,  each  cell  in  the  interior  develops 
a  zoospore.  —  After  Pringsheim 


Fig.  186.   Coleochcete  pulvinata 


is  clearly  an  advantage. 

Coleochcete  stands  at  the 
head  of  one  of  the  best-de- 
fined lines  of  evolution  in  the 
algfe,  a  line  which  starts  at 
the  lowly  level  of  the  Ulothricacccc  and  runs  upwards  through 
the  Chcctophoraccce.  Authors  have  generally  regarded  these 
forms  as  leading  almost  directly  to  the  bryophytes,  with  Coleo- 
chcete just  a  little  below  the  liverworts;  but,  as  we  shall  see 
later,  there  are  serious  difficulties  in  the  way  of  this  view.^ 
Nevertheless,  these  forms  are  perhaps  nearer  than  any  other 
living  algie  to  the  theoretical  main  line  of  ascent. 

1  The  fructification  of  Coleochwte  lias  been  regarded  as  Rimilar  to  the  so- 
callod  fruit  or  sporophyte  of  the  liverworts,  but,  as  explained  in  Sec.  836, 
there  is  .strong  evidence  against  this  interpretation.*  The  one-celled  sexual 
organs  of  Coleorhtie  are  also  very  different  from  the  many-celled  sexual 
organs  of  the  bryophytes,  and  this  is  also  evidence  against  the  existence  of  a 
close  relationship  between  the  groups  (see  Sec.  299). 
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Order  3.  The  Pond  Scums  and  Desmids,  or  Coxjcgales 

223.  The  pond  scums  and  desmids.  The  pond  scums  and 
desmids  (order  Conjitf/ales)  are  remarkable  for  the  l)eauty  and 
symmetry  of  their  cell  structure,  and  esi^cially  for  their  large 
and  complicated  chromatophc^res.  There  are  no  motile  stages  in 
their  life  histories,  and  the  sexual  processes  consist  in  the  union 
or  conjugation  of  similar  notimotile  gametes  (isogamy).  Tliese 
characters  distinguish  the  group  sharply  from  all  other  alga?,  but 


Fig.  \m.  Dcsmiils 

A,  floAterinm,  a  vegetativp  cell  at  the?  left  ami  u  zyjjosiwn?  at  tli<»  ri^^lit  between 
the  halves  of  two  empty  cells  whose  contents  have  fuH(*il ;  //,  f'itsinariuni;  the 
flesmid  at  the  ri^ht  has  just  divided  and  is  fornnn^two  new  parts  iK'tween  the 
old  halves  of  the  |)iir<>nt  cell.  C,  yticruMpria^,  a  very  elalK)rate  form  in  its  out- 
line and  markings;  />,  Ilijnhitheca,  a  common  filamentous  de.smid;  the  appear- 
ance of  the  cells  in  face  view  is  shown  at  the  right 

make  the  r(»lationshii)s  of  the  forms  very  uncertain.  Tliese  plants 
live  only  in  fresh  water  and  seek  the  sunshine,  l)eing  abundant 
in  clear,  shallow  p<K)la.  The  desmids  live  chiefly  along  the  mar- 
gin and  on  the  ]M)ttom,  while  tlie  i)ond  scums  frequently  form 
growths  \\\iou  tlie  surface  of  the  water,  which  appc  frothy 
lMM*ause  of  the  Imbbles  of  gas  (largely  oxygen)  held  am 
filam(»nts.  Tlie  filaments  are  very  slippery  to  the  1 
account  of  a  slimy  excretion  from  the  cells. 

224.  The  desmids.   There  are  a1>out  one  tho        d 
this  large  group  whose  forms  are  generally  onen 
some  desmids  are  filamentous  (Fig.  186, 2>).   1      i 


194 


THE  ALGiE 


parts,  which  duplicate  one  another  even  in  the  details  of  pro- 
toplasmic structure,  and  the  nucleus  lies  in  the  middle  region, 
with  the  chromatophores  arranged  symmetrically  in  the  halves. 

The  desmids  multiply  rapidly  by 
cell  division,  each  daughter  cell 
taking  one  half  of  the  old  cell 
wall  and  adding  to  it  a  repro- 
duction of  the  other  half  (Fig. 
186,  j5).  The  gametes  are  naked 
protoplasts,  which  escape  by  the 
breaking  apart  of  the  halves 
of  the  cells  and  fuse  in  pairs, 
forming  thick-walled  zygospores 
(Fig.  186,  A).  In  some  common 
forms  (Closterium  and  Cosma- 
rium)  the  zygospore  on  germi- 
nating produces  two  desmids. 

225.  The  pond  scums.  Some 
of  the  commonest  and  most 
beautiful  of  filamentous  green 
algre,  such  as  Spirogyra  and  Zyg- 
iiema,  belong  here.  The  com- 
plex chromatophores  with  their 

A,  Spirogyra,  illustrating  sta^^es  in  the  ^i.^^xAv  differentiated  Dvrenoids 
conjujration  between  cells  of  differ-  s'l^^rpiy  umcrenuawju  pyrenoius 

eiit  filaments,  two  zygospores  shown  give  an  cspccial  interest  to  the 

above;  since  the  cells  in  the  filament         n  juii-j***  •  -u 

on  the  left  are  shorter  than  those  on    ^^^^^    ^^^    help    tO   distmgmsh 

the  rifjht,  some  of  them  must  be  left  the  genera.    Thus  the  chroma- 

out  in   the  pairing  of  the  gametes.    ,      ,  c   a    •  •     i 

yy,  the  conjugation  between  adjacent  tophores  of  Spivogyra  are  spiral 

cells  of  thesame  filament  in  Spirorjrj^ra    bands  (FigS.  168,187);  Zyguema 
qncuJrata;  C,Zf/(/nema{Zygof/o)nuin)    ,  ,  it.iv  . 

Kc^/;m^<.m,  showing  zygospores  ^^^^  ^wo  star-shapcd  chromato- 

formed  in  the  conjugating  tubes  be-    phores,    and     Motweotia     haS    a 
tween  two  filaments  ,  ^     .^  -      ^        t    •       ^i 

broad,  thin  band  m  the  center 
of  the  cell.  The  method  of  sexual  reproduction  is  very  charac- 
teristic, Init  ex('e})tional  among  the  alg?e.  Generally  the  cells  of 
different  tilaincnts  unite  or  conjugate  with  one  another  by  the 


Fk;.  187.    Pond  scums 
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fusion  of  processes,  one  put  out  from  each  gamete  (Fig.  187,  A). 
The  gamete  protoplast  of  one  of  the  cells  in  the  pair  then 
passes  over  into  the  other,  or  in  certain  forms  the  two  protoplasts 
unite  more  or  less  midway  between  the  two  cells  (Fig.  187,  C). 
In  some  species,  however,  there  is  a  conjugation  between  adja- 
cent cells  of  the  same  filament  (Fig.  187,  B),  the  contents  of 
one  cell  entering  the  other.  The  fusion  of  the  two  gamete  pro- 
toplasts results  in  a  zygospore,  which  develops  a  heavy  wall 
about  itself  as  in  the  desmids  and,  as  a  resting  spore,  carries 
the  plant  over  imfavorable  seasons.  On  germination  each  zygo- 
spore  puts  forth  a  filament,  which  grows  by  rei)eated  cell  divisions 
all  along  its  length. 

Order  4.  The  Diatoms,  or  Diatom  ales 

226.  The  diatoms.  The  diatoms  (order  Diatomalcs)  comprise 
a  remarkable  group  of  one-celled  plants,  containing  several  thou- 
sand species,  everywhere  present  in  both  fresh  and  salt  water. 
They  compose  the  greater  part  of  the  floating  microscopic  life, 
called  the  plankton,  of  the  ocean  and  lakes,  and  are  the  most 
important  source  of  food  for  some  of  the  smaller  animal  forms, 
and  through  them  for  the  fish  life.  The  cell  walls  are  filled  with 
the  mineral  silica  and  consist  of  two  parts,  called  valves,  which 
fit  together  something  like  the  halves  of  a  pill  box  (Fig.  188,  A), 
Diatom  cells  have  a  great  variety  of  forms,  elliptical  and  cir- 
r  cular,  wedge-shaped  and  triangular,  cylindrical  and  rhomboidal 
(see  Fig.  188).  The  cells  are  solitarj'  in  many  forms,  but  in 
others  are  arranged  in  filaments,  or  })orne  at  the  ends  of  gelati- 
nous stalks,  or  held  in  filamentous  sheaths  or  jelly-like  masses. 
Many  of  the  diatoms,  and  especially  the  boat-shajxid  forms, 
glide  to  and  fro  in  the  water.  Tbe  cells  contain  chromato- 
phores  which  are  generally  colored  l)rown  (although  certain 
species  are  green),  but  in  spite  of  tliis  color  the  most  natural 
position  of  the  diatoms  seems  to  l>e  among  the  green  algai,  with 
possible  distant  relationships  to  the  desmids. 


196 


THE  ALGiE 


The  diatoms  resemble  the  desmids  in  the  similar  halves  of 
the  cell  and  in  the  development  of  a  peculiar  type  of  spore  called 
an  auxospore,  which  probably  corresponds  to  a  zygospore.    Some 

auxospores  are  formed  by 
the  fusion  of  two  gamete 
protoplasts  which  leave 
the  diatom  shells  at  one 
side  (Fig.  188,  B),  and 
these  are  true  zygospores 
very  similar  to  those  of 
the  desmids  (Fig.  186,  A). 
Other  auxospores  are  de- 
veloped without  proto- 
plasmic fusions  and  are 
probably  examples  of  sex- 
ual degeneration ;  that  is, 
cells  which  were  origi- 
nally gametes  now  develop 
directly  into  auxospores. 
The  auxospores  are  rest- 
ing spores  and  appear  to 
be  formed  after  long 
periods  of  vegetative  cell 

^4,  iV^a?;/c?<^a,  the  boat  diatom,  the  side  view  at      i-    •   •  .        ,-        -i    . 

the  right  showing?  tlie  two  overlapping  shells  CllVlSlons  tO  Stimulate  or 
or  valves;  B,  Acnanthes,  an  auxospore  with  rejuvenate  the  protoplasm 
the  four  empty  shells  of  the  two  diatoms 
whose  contents  united  to  produce  this  sex- 
ually formed  spore  similar  to  the  zygospore 
of  the  desmids  (see  Closterium  (Fig.  186,  A) ; 
t\  Tabellarla,  groups  of  cells  united  with 
one  another  to  form  a  zigzag  filament;  Z), 
Lieniophoru,  groups  of  cells  borne  on  gelati- 
nous stalks;  £",  Epitheinia;  f\  Triceratium. 
—  D,  after  West 


Fig.  188.   Diatoms 


for  further  activities. 

Tlie  shells  of  diatoms, 
being  composed  of  silica, 
resist  solution  in  water 
and  are  constantly  being 
deposited  at  the  bottom 
of  seas,  lakes,  ponds,  and  marshes,  sometimes  in  such  quantities 
as  to  form  so-called  siliceous  or  diatomaceous  earths.  There  are 
some  geological  deposits  (Tertiary)  of  diatomaceous  earth  many 
feet  in  thickness,  as  that  at  Richmond,  Virginia.    Some  of  these 
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earths  have  so  large  a  proportion  of  hard  diatom  shells  as  to 
be  valuable  as  polishing  powders,  and  they  are  also  used  as  the 
absorbent  of  nitroglycerin  in  the  manufacture  of  dynamite. 

Order  5.   The  Siphon  Alg^e,  or  Siphonales 

227.  The  siphon  algae.  Tlie  siphon  algae  (order  Siphonales) 
differ  from  all  other  groups  of  algae  in  the  striking  peculiarity 
that  the  protoplasm,  with  thousands  of  nuclei,  is  not  separated 
into  compartments  or  cells,  but  is  all  contained  within  a  com- 
mon filament  or  other  cell  cavity.  Such  a  many-nucleate  struc- 
ture is  called  a  cceiiocyte  (meaning  a  vessel  in  common).  The 
siphon  algae  are  chiefly  marine,  and  many  large  and  complicated 
forms  are  found  in  the  warmer  seas  (Caulerpa,  Udotea,  etc.). 
Some  of  these  are  heavily  incrusted  with  lime  {Acetalndariay 
PenicUlus,  Halimeda,  etc.).  Two-ciliate  zoospores  and  gametes 
are  developed  by  certain  types  in  cells  cut  off  from  the  ends  of 
the  filaments.  The  gametes  fuse  in  pairs  on  their  escape  into 
the  water,  forming  zygospores.  All  of  the  siphon  algie  are  isoga- 
mous,  when  sexual  at  all,  except  tlie  green  felt,  Vaucheria,  which 
stands  quite  alone  as  the  only  heterogamous  type  in  the  group. 

228.  Vaucheria.  Vaucheria,  the  green  felt,  is  a  very  common 
alga,  forming  mats  of  coarse  filaments  on  the  muddy  bottom  of 
shallow  pools  and  ditches.  Some  sj)ecies  are  terrestrial  and  may 
often  be  found  as  thread-like  growths  over  the  damp  earth  of 
flowerpots  in  greenhouses.  The  filaments  are  long  and  sparingly 
branched,  and  are,  of  course,  continuous  tubes  without  cross 
walls  except  where  reproductive  organs  are  developed.  Immense 
numbers  of  small,  disk-shaped  chloroplasts  (Fig.  189,  J^)  are 
present  in  the  layer  of  protoplasm  under  the  cell  wall,  and  the 
very  small  nuclei  lie  among  them.  Tlie  protoplasm  contains 
numerous  globides  of  oil,  which  in  this  plant  takes  the  place  of 
starch  as  the  first  visible  product  of  photosynthesis. 

The  zoospores  of  Vavcheria  are  very  large,  many-nucleate 
and  many-ciliate  structures,  visible  to  the  naked  eye.    They  are 
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developed  singly  in  terminal  cells  (sporangia),  which  are  cut  off 
at  the  ends  of  the  filaments  by  the  formation  of  a- cross  wall 
(Fig.  189,  A).  The  protoplasm  in  the  sporangium  contains 
hundreds  of  nuclei  from  the  beginning,  and  pairs  of  cilia  are 
formed  all  over  the  surface  of  the  protoplast   opposite  them 


Fic.  180.   Asexual  reproduction  of  the  green  felt  (VaucJieria) 

A,  formation  and  dis(!harge  of  the  large,  many-ciliate  zoospore  from  the  terminal 
sporangium ;  B,  the  zoospore  showing  the  ciliated  surface;  C«  section  through 
the  surface  of  the  zoiispore  showing  the  pairs  of  cilia  aboVe  the  nuclei  and 
the  layer  of  plastids  beneath;  D,  germination  of  zoospore;  J?,  young  plant  of 
Vaucheria,  the  two  filaments  having  arisen  at  opposite  ends  of  the  zoospore, 
one  having  develoiKid  an  organ  of  attachment  or  holdfast  h;  F^  sl  group  of 
plastids,  the  lower  in  process  of  division.  —  .4,  //,  after  Grotz;  C,  after  Stra»- 
burger;  I),  E,  after  Sachs 

(Fig.  189,  C).  The  entire  mass  of  protoplasm  then  slips  out 
from  the  end  of  the  sporangium  (Fig.  189,  B)  and  swims  slowly 
away,  but  soon  comes  to  rest  and  puts  forth  one  or  more  fila- 
ments (Fig.  189,  D).  The  nuclei  and  pairs  of  cilia  in  this  inter- 
esting zoospore  of  Vauclicria  unquestionably  represent  the  two- 
(nliate  zoospores  characteristic  of  most  of  the  Siphonales  and 
the  green  algie  in  general.  Tlie  protoplasmic  divisions  neces- 
sary to  cut  out  the  numerous  zoospores  in  a  sporangium  are 
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suppressed  in  Vaucheria,  so  that  the  entire  mass  of  protoplasm 
remains  together  as  a  many-nucleate  and  many-ciliate  unit, 
which  is  really  a  protoplast  or  cell  in  spite  of  its  complicated 
structure.  Some  authors  have  regarded  tliis  zoospore  as  a  com- 
poimd  structure, — that  is,  a  mass  of  small,  two-ciliate  zoospores, 
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Fio.  100.   Sexual  reproduction  of  the  green  felt  (Vaucfieria) 

A,  Vaucherla  fteMilis ;  o,  migonium ;  a,  anthcridlam ;  o»,  the  thick-walle<i  ouspore, 
anrl  beside  it  uii  empty  iiiithoridium ;  liy  Vaucheria  gpinhiata,  a  short  Lateral 
branch  developing  a  cluster  of  oo^^onia  and  a  later  sta^e  with  mature  o<>^onia 
o  and  empty  antheridium  a;  C\  siwrms;  />,  j^erminatinj;  <M>siH>re. —  (',  after 
Woronin ;  /),  after  Sachs 

—  but  it  is  more  correct  to  consider  it  a  large,  undivided,  many- 
nucleate  protoi)last. 

Tlie  sexual  organs  of  Vnnchiria  are  oiigonia  and  antheridia, 
sometimes  found  side  l)y  side,  as  in  Vauclieria  scssilis  (Fig. 
190,  A),  and  sometimes  in  groups  on  sj)ecial  side  branches,  as  in 
Vnucheria  gemitmta  (Fig.  190, 7>).  The  oogonium  is  a  large 
oval  cell  sejMirated  from  tin*,  parent  Hhiment  by  a  wall,  and  ea(;li 
develojw  a  single  i^^^\f  (Fig.  190,  A,  />',  o).  Tlie  young  (Kigonium 
aintains  numerous  nu(;k>i,  but  all  of  tliese  degenerate  except 
one,  which  lies  near  the  center  of  thi*  cell  and  becomes  the 
single  nucleus  of  tlie  L']i,\r,    The  antheridium  is  a  cell  formed 
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Fig.  101.   Botnjdium  iind 
Protosiphon 

These  forms  of  tlie  siphon  aljcJB 
are  almost  indistin^iisha- 
ble  in  the  vej^etative  cOiuli- 
tion.  The  phuits  are  little 
fjreen  fjlobes,  somewhat 
larjcer  than  pin  heads,  at- 
tached to  the  surface  of  mud 
and  W(!t  earth  by  a  branch- 
ing system  of  filaments 
(rhizoids).  These  sinjrlo 
coRnocyti<;  c<'llsare  therefore 
differentiated  into  a  jj:reen 
part  above  j^round,  exposed 
to  the  air  and  sunlight,  and 
a  colorless  underj^ronnd  ix>r- 
tion  in  contact  with  mois- 
ture. A  single  <'ell  may  thus 
show  the  same  relation  of 
parts  as  a  complex  plant  with 
aerial  stems  and  leaves  and 
a  subterranean  mot  system. 


at  the  end  of  a  branch,  which  is  gener- 
ally bent  like  a  crook  (Fig.  190,  A,  B,  a), 
and  discharges  a  very  large  number  of 
small,  two-ciliate  sperms  (Fig.  190,  C), 
The  sperms  enter  the  oogonium  through 
a  pore  in  the  beak-like  extension  at  one 
side,  and  one  of  them,  fusing  with  the 
egg,  fertilizes  it.  The  fertilized  egg  sur- 
rounds itself  at  once  with  a  heavy  wall, 
becoming  an  oospore  (Fig.  190,  A,  os), 
which  is  a  resting  spor^  in  this  form,  as 
in  Volvox,  CEdogonium,  Coleochctte,  etc. 

Vaucheria  has  been  made  the  sub- 
ject of  some  interesting  experimental 
studies  on  the  conditions  which  deter- 
mine the  formation  of  zoospores  and 
sexual  organs  respectively.  Zoospores 
are  generally  developed  at  once,  follow- 
ing some  marked  change  in  the  exter- 
nal conditions,  as  in  the  character  of 
the  water,  or  an  increase  in  light  expo- 
sure, or  a  rise  in  temperature.  Sexual 
organs  are  formed  when  plants  are  cul- 
tivated in  a  2-5  per  cent  solution  of 
cane  sugar  at  a  fairly  high  temperature 
(r,0°-68°F.;  10°-20°C.),  and  in  the 
presence  of  light.  Tlie  conditions  in 
Vavcheria  probably  illustrate  very  well 
the  kinds  of  influences  which  cause  an 
al^j^a  to  l)egin  its  various  forms  of  fruc- 
tifications, but  very  few  algae  Have  been 
studied  in  detail. 

229.  The  ccenocyte.  The  large,  many- 
nucleate  structures  called  -ccsnocytes, 
so  well  illustrated  by  the  siphon  algse 
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and  such  fungi .  as  the  molds  (Sec.  261)  and  water  molds 
(Sec.  262),  are  peculiar  to  plants.  The  question  may  be  asked, 
WTiy  are  coenocytes  considered  single  cells,  and  not  a  com- 
pound structure  made  up  of  a  united  mass  of  protoplasts  repre- 
sented by  the  numerous  nuclei  ?  It  is  known  that  the  nuclei 
do  not  occupy  fixed  positions  in  the  ccenocytes,  as  if  they 
represented  the  cells  of  a  compound  structure.  On  the  con- 
trary, they  shift  with  the  movements  of  the  protoplasm  which 
behaves  as  a  unit,  like  a  gigantic  protoplast  growing  in  differ- 
ent directions  in  obedience  to  various  stimuli,  and  carrying  on 
the  usual  cell  activities.  For  these  reasons  the  ccenocyte  must 
be  regarded  as  a  many-nucleate  cell  and  not  a  compound  struc- 
ture or  mass  of  protoplasts. 

• 

Order  6.  Thk  Stoneworts,  or  CiiA/iALEn 

230.  The  stoneworts.*  The  stoneworts  (order  Charales)  are 
the  most  complex  of  the  green  algie.  The  plant  body  (Fig.  192,  A) 
consists  of  long,  jointed  stems,  which  l)ear  circles  of  lateral 
branches  at  the  joints.  The  sexual  organs  (Fig.  192,  B,  C\  I))  are 
borne  on  these  branches,  })ut  are  too  complicated  for  considera- 
tion here.  Many  of  the  Charities  are  heavily  incrusted  with 
lime,  which  peculiarity  gives  tliem  their  popular  name  of  stone- 
worts. Tliey  sometimes  grow  in  great  masses  attac.^hed  to  the 
lK)ttom  of  ponds  and  shallow  lakes. 

Some  forms  of  stoneworts  {Xitclla),  whicli  are  free  from 
incrusting  lime,  frequently  illustrate  very  beautifully  the  move- 
ments of  protoplasm  in  the  large  cells  (internodes)  which  lie 

•  To  THE  Instri'ctor  :  The  Charales  is  such  a  hi<:hly  siwoial  p:n)Up  thai 
it  ifl  hardly  wise  t«  give  it  much  attention  in  a  «:eneral  course,  esjK»ciaUy  if 
time  and  material  is  available  for  a  nioiv  thorouj^ii  study  of  the  Confcrvales. 
Nevertheless,  material  of  the  stoneworts  is  fre(|uently  easily  obtaineil.  es])e- 
cially  in  the  Middle  West,  when?  it  is  ditti<'ult  to  do  justice  t^»  the  brown  and 
red  algse,  and  it  might  be  substitute<l  for  cert^iin  work  in  those  groujis.  One 
of  the  beat  accounts  of  the  Churnlen  will  ])e  found  in  (Joebcd,  OutXines  of 
Classification  and  Special  Morphology  of  Plants. 
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between  the  circles  of  lateral 
branches.  The  protoplasm 
passes  in  two  streams  in  op- 
posite directions  somewhat 
diagonally  around  the  cell. 
The  edges  of  the  stream 
form  a  line  of  stationary 
protoplasm  (free  from  chlo- 
roplasts),  because  the  move- 
ments of  the  currents,  which 
may  be  seen  on  either  side 
of  the  line,  neutralize  one 
another. 

Tlie  Charales  stand  en- 
tirely by  themselves  at  the 
end  of  a  line  of  ascent  whose 
developmental  history  is  a 
mystery.  They  are  very 
far  above  most  of  the  green 
algie  in  the  complexity  of 
the  plant  body  and  sex- 
ual organs,  which  are  not, 
however,  like  those  of  the 
liverworts  and  mosses.  The 
antheridium  of  the  stone- 
worts  is  a  very  puzzling 
structure  but  the  oogonium 
is  easily  understood.  The 
jointed  stems  with  circles 
of  lateral  branches  are,  of 
course,  much  more  com- 
plicated than  the  typical 
thallus,  but  the  simple  life 
history,  with  no  trace  of  an  alternation  of  generations,  makes  it 
necessary  to  include  them  among  the  tballophytes. 


Fi<;.  11)2.   The  stonewort  (Chara) 

A,  portion  of  phiut  showing  circles  of  hit- 
enil  branches  at  the  joints  (nodes) ;  />,  a 
lateral  branch  bearing  the  sexnal  organs; 
(',  the  sexnal  organs:  o,  oogoniuili,  with 
spirally  wonnd  tilanients  encircling  the 
egg  and  forming  a  crown  al>ove:  a,  the 
antheridium.  composed  of  eight  tlattene<l 
cells  (shields),  inclosing  the  anthcridial 
filaments;  />.  portion  of  an  antheridial  fila- 
ment, each  cell  deveU»ping  a  single  sperm  ; 
E,  twcM'iliate  sperms 
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Summary  of  the  Green  Alg^e 

231.  Summary  of  the  green  algae.  The  green  algae  comprise 
a  number  of  well-defined  groups  which  are  evidently  widely 
separated  from  one  another.  The  most  conspicuous  of  these  are 
the  Volvocacece,  the  desmids  and  pond  scums,  the  diatoms,  the 
siphon  algae,  and  the  stoneworts.  They  constitute  independent 
evolutionary  lines  of  varying  importance,  but  each  one  clearly 
developing  in  ways  peculiar  to  itself  and  quite  apart  from  the 
theoretical  main  line  of  ascent  to  the  liverworts  and  mosses 
{Bryophyta),  A  discussion  of  the  origin  of  these  groups  and 
their  possible  relationsliips  to  one  another  would  be  much  too 
complicated  for  the  present  account.  The  forms  of  the  green 
algae  which  seem  to  be  nearest  to  the  main  line  of  ascent  are  in 
certain  related  families  ( Ulothricacece,  Chcctophoracece,  and  Coleo- 
chwtacecc),  but  it  is  very  doubtful  if  any  of  them  are  directly 
on  the  main  line,  and  there  are  no  living  algae  known  which 
show  clearly  the  origin  of  the  bryophytes. 

Almost  all  of  the  green  algae  at  some  stage  in  their  life 
history  form  zoospores  or  motile  gametes  (the  sperm  being 
motile  in  heterogamous  forms).  These  ciliate  cells  point  clearly 
to  an  ancestry  of  the  green  algae  from  groups  comprising  one- 
celled  motile  organisms  something  like  the  flagellates  (Sec.  204) 
and  lower  forms  of  the  Volvocacece  (Sec.  215).  The  formation 
of  the  zoospore  and  the  motile  gamete  is  considered  to  be  a 
return  in  the  life  historj^  for  a  short  time,  to  the  primitive 
one-celled  conditions  from  which  the  various  lines  of  the  green 
algae  are  believed  to  have  arisen.  The  motile  conditions  which 
occupy  practically  all  of  the  life  history  of  the  flagellates  and 
Volvocacece  become  reduced  to  a  short  reproduclive  i)eriod  in 
most  of  the  green  algae.  The  most  im])ortant  forward  steps  in 
the  evolution  of  the  green  algae  came  with  the  introduction  of 
long  vegetative  periods  in  the  life  histories  when  the  proto- 
plasts remained  quiet  and  formed  many-celled  [)lant  bodies 
(ccenocytic  siphon  algae  excepted)  of  various  structure.    All  the 
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possibilities  of  development  into  such  complex  attached  organ- 
isms as  the  higher  spore  plants  and  seed  plants  were  determined 
by  those  changes  in  the  habits  of  algse  by  which  the  motile 
periods  in  the  life  history  became  reproductive  stages,  and  the 
quiescent  conditions  came  to  be  the  conspicuous  part  of  the  life 
history  as  the  vegetative  plant  body  was  gradually  developed. 

232.  Summary  of  the  reproductive  organs  and  processes  of 
the  green  algae.  Zoospores y  also  called  swarm  spores,  are  ciliatc 
asexual  cells  (generally  two-  or  four-ciliate),  and  are  developed 
as  a  rule  numerously  (in  some  forms  singly,  or  in  twos,  fours,  etc.) 
in  a  mother  cell  called  a  sporangium,  or  zoosporangium. 

Gametes  are  sexual  cells.  The  simplest  forms  are  ciliate  and 
have  the  same  form  and  structure  (morphology)  as  the  zoospores, 
to  wliich  they  are  related.  These  in  the  process  of  sexual  evo- 
lution became  differentiated  into  eggs  and  sperms.  Gametes  are 
developed  m  cells  called  gametangia. 

Eggs  are  never  ciliated,  and  are  consequently  nonmotila 
They  are  generally  large  cells,  with  abundant  chromatophores 
and  food  material.    Eggs  are  formed  in  cells  called  oogonia, 

SpermSy  fre(|uently  called  antherozoids  by  botanists,  are  always 
ciliated  in  the  green  algai  and  are  very  actively  motile.  They 
are  smaller  tlian  zoospores  and  colorless,  or  almost  colorless. 
Sperms  are  develo])e(l  in  cells  called  antheridia,  or  a  group  of 
such  cells  is  frequently  termed  an  antlicridium, 

Jiiogamy  is  the  sexual  condition  in  which  the  gametes  are 
similar  in  form  and  structure ;  that  is,  they  have  the  same  mor- 
pholiKj}/.  They  may  differ  in  size.  The  sexually  formed  cell  is 
called  a  zt/gosjyorr. 

Hrtcroganu/  is  the  sexual  condition  in  which  the  gametes  are 
differentia  form  and  structure,  as  the  s[)erm  and  egg,  and  there- 
fore have  a  d  If  emit  /norphologt/.  Tliey  are  always  very  unlike 
in  size,  hut  tliis  does  not  make  heterogamy,  tecause  morphology 
doi\s  not  (leal  with  size  hut  with  form.  The  Q^g  is  fertilized  by 
the  fusion  and  cnt ranee  of  a  s])urni  and  thus  becomes  o.  fertilized 
i'(j(j,  or,  if  it  develops  a  protective  cell  wall,  an  oospore. 
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CLASS  111.  THE  BROWN  ALGM,  OR  PHJEOPHYCEjE 

233.  The  brown  algas.  The  Phocophycccc  comprise  a  very" 
large  assemblage  of  marine  algae,  or  seaweeds,  called  the  brown 
algae  because  their  chromatophores  are  colored  brow^n  instead  of 
green.  The  brown  pigment,  however,  performs  the  same  sort 
of  work  (photosynthesis)  as  the  clilorophyll  of  the  green  algae. 
The  brown  algae  can  generally  be  recognized  at  a  glance  by 
their  color,  but  the  group  is  really  separated  from  all  other 
classes  of  algae  by  certain  peculiarities  of  structure,  or  mor- 
pholog}'.  The  plant  bodies  in  most  of  the  forms  are  very  much 
larger  and  more  complex  than  those  of  any  green  algae  and  fre- 
quently have  a  degree  of  differentiation  quite  above  that  of  the 
typical  thallus.  Indeed,  some  of  the  higher  brown  algae  have 
well-defined  stems  fastened  to  the  rocks  by  remarkable  hold- 
fasts, resembling  clusters  of  roots,  and  bearing  expanded  leaf- 
like structures  of  complex  and  striking  forms.  Certain  types 
develop  swollen  bladders,  which  contain  considerable  oxygen, 
given  off  from  the  tissues,  and  serve  to  float  parts  of  the  plant 
in  the  water.  Besides  tlie  complexity  of  the  plant  body  the 
brown  algae  are  also  distinguished  by  peculiarities  of  the  repro- 
ductive organs  that  can  only  be  understtMnl  through  a  study 
of  types.  Iodine  is  obtained  from  tlie  ash  of  certain  kelps  and 
rockweeds.  These  larger  brown  algie  are  also  gathered  from 
the  rocks  and  beaches  by  the  jR'asantry  of  certain  Eurojx^an 
countries  and  by  farmei-s  on  tlie  New  England  coast  and  spread 
over  farm  lands  to  fertilize  the  soil. 

234.  Life  habits.  The  brown  algje  are  most  luxuriant  in  the 
colder  waters  of  the  oceans,  where  th(\v  form  ext(*nsiv(»  growths 
along  the  coasts.  Some  of  the  largtM*  forms,  as  Funis  and 
Ascopht/llum,  are  known  as  rm'k weeds  becaust*  they  cover  the 
rocks  between  low  and  high  tide  marks  with  h(»avy  fring(»s  of 
brown  vegetation  (Plate  IV).  Other  f(M-ins,  known  as  the  kelps, 
or  devil's  aprons,  grow  below  or  just  at  low  watermark  and  some- 
times form  large  beds  attached  to  the  rot'ks.    These  larger  tyjjes 
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can  withstand  the  beating  of  the  heaviest  surf  because  of  their 
firm  texture  and  strong  holdfasts,  and  some  of  them  grow  on 
the  most  exposed  points  and  reefs.  There  are,  however,  many 
smaller  brown  algae,  membranous  and  cord-like  forms,  and  some 

delicate  filamentous 
types  {Ectocarpua) 
which  are  as  simple  as 
many  green  algte  and 
grow  generally  in 
rather  quiet  waters. 

We  can  only  illus- 
trate the  brown  algie 
by  representatives  of 
three  orders,  —  the 
Ectocarpus  group,  the 
kelj>8,  and  the  rock- 
weeds. 

235.  Ectocarpus. 
This  alga  (order  Erto- 
('((rpale.s)  is  a  branching 
fihimeutous  type  which 
forms  tufts  attached 
to  the  larger  algte,  eel- 
grass,  and  to  the  woikI- 
work  of  wharves.  Its 
chief  interest  for  us  lies 
in  the  reproductive  or- 
gans, which  are  of  t^'o 


m 

m 


Fig.  103. 


A  lilanicntous  brown  jvIi^m  {Ecto- 
carpus silirulosus) 

Ay  unilocular  six)raujria,  one  contaiiiinjj:  zoiisixires, 
the  other  empty  ;  a  zoosi)ore,  z,  shown  at  the  left ; 
]i,  plurilocular  sporanj^ia,  the  larger  mature,  tho 
smaller  still  showiu;^  the  outlines  of  the  original 
cells  in  the  branch  from  which  it  arose;  (  ,  the 
union  of  the  pimetes  to  f<>rm  the  zy«]:osiM)re; 
note  th:it  the  chroma  I  ophores  with  the  pij^ment  SortS,  and  illustrate 
si>ots  remain  separate.  —  (\  after  Oltmanns  verv  WcU  the  leprod^lC- 

tive  ])r()ccss(\s  of  the  lower  ])r()\vn  algii*.  The  asexual  organs  are 
onc-(H'lliMl  s])oran<,na  (Fig.  103,  J),  wbioli  develop  large  numbers 
of  ki(lncy-slia]HMl  zo()s])ores,  each  with  a  ])air  of  cilia  attached 
at  the  side  (Fi^.  1!)3,  A,  z).  r>eeausi»  tlie  Z()0six)res  are  all  de- 
veloped   ill   a   sin.Li;le  cell,   the   sporangia  are  called  iinilocular 
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sporangia,  to  distinguish  them  from  the  sexual  organs,  but  the 
structure  is  clearly  the  same  as  that  of  the  one-celled  sporangium 
of  the  green  algse. 

The  sexual  organs  are  devel- 
oped from  side  branches,  most 
of  whose  cells  divide  repeatedly 
until  an  immense  number  of 
small  compartments  are  formed. 
The  filament  thus  becomes 
transformed  into  a  complicated 
many-celled  organ  (Fig.  193,^) 
made  up  almost  wholly  of  small 
cubical  cells,  each  of  which  de- 
velops a  single  two-ciliate  ga- 
mete similar  to  a  zoospore,  or, 
perhaps,  two  or  three  of  these 
motile  elements.  Because  the 
gametes  are  developed  in  small 
compartments,  the  organ  has 
been  termed  a  plnrilocular  sjw- 
rayifjium.  It  is  clear  that  this 
many-celled  organ  is  a  very  dif- 
ferent sort  of  structure  from  the 
one-celled  rei>roductive  organs. 
It  marks  an  inii)ortant  advance 
in  the  evolution  of  reprcKluctive 
structures  in  plants  and  suggests 
the  many-celled  sexual  organs 
characteristic  of  tlie  bryophytes 
and  pteridophytes. 

Tlie  gametes  are  known  to 
fuse  in  pairs  (Fig.  193,  C),  as  in 
many  simple  green  algie,  and 
since  they  have  a  similar  struc- 
ture, the  sexually  formed  cell  is 


K«'Il»s  from  the  North 
Athmtic 
A^  tlH"  simph'  ty|M^  of  Laminarid^simw 
of  whose  sjH'cij's  j^row  to  ho  thirty  or 
more  fwl  loii;;;  //,  the  digitate  tyiw 
(Laminaria  tUgittitn),  which  is  never 
very  long,  but  is  broinl  at  the  base 
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a  zygospore  and  the  sexual  condition  is  that  of  isogamy.  It  is 
interesting  to  note  that  these  motile  ceils  sometimes  germinate 
without  conjugation,  just  like  the  zoospores  which  they  resem- 
ble,—  a  fact  which  shows  that  sexuality  has  not  become  very 
firmly  established  in  the  simplest  of  the  brown  algae  and  illus- 
trates, as  in  Ulothrix  (Sec.  217),  the  general  conditions  which  are 
to  be  expected  with  the  origin  of  sex  in  any  group  of  plants. 

236.  The  kelps.  The  kelps  (order  LaminariaUs),  also  known 
as  the  devil's  aprons,  are  the  largest  types  of  the  brown  algae. 
Those  of  the  Nortli  Atlantic  coast  have  comparatively  simple 


Fir..  1  <).'>.  The  giant  kelp  (Macrocysti8) 
Adapted  from  Hooker  aDd  Harvey 


forms  (FiiT.  104).    Tlu'iv  i^  always  a  i^tnlk  (stipe)  attached  to  the  • 
rvH'ks  by  a  hohlf'f.^t  ciuisisiintr  of  a  cluster  of  strong  outgrowths, 
and  tlie  stalk  Ivais  a  loni:.  loaf-like  expansion  called  the  blade. 
The  Mades  i»f  Si»ine  kt'lj'S  are  divideil  lengthwise  into  segments, 
as  in  L'liniifirri  >ii]/if-'f>(  ^Fiu'.  104,  7»). 

('•Miain  kelps  i»f  the  Pacitio  e^Mst  are  much  more  complex, 
e.>n<i>iin^  of  numerous  LuLre.  leaf-like  Mades  variously  arranged 
en  JillVreni  fiM"ni<  of  stems.  Souie  of  the  stems  attain  great 
len-ths.  Tlui^  tiu-  i^iant  kr]|.  ,.!/./. .-.  ■  vx//X  Fig.  195)  has  been 
reports. I  s:\  hun.irr.l  to  niiu'  liun^in-.i  feet  long,  which  is  two 
or  three  tinu-<  tiie  liri^lu  ..f  {\w  -ant  redwoods  of  California. 
The  sea  oii.m's  eahha-r  uV,.,.-.  .s^.\.  Fi^r.  jog)  frequently  has  a 
stem  nioro  than  onr  hundred  i\vt  Ion-,  whieh  is  enlarged  above 
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into  a  hollow  flbat  that  rests  on  the  surface  of  the  water  and 
bears  a  number  of  strap-shaped  leaves.  The  sea  palin  {Postelsia, 
Fig.  197)  is  another  remarkable  fonn,  with  a  thick,  strong  stalk 
about  a  foot  high,  which  bears  a  crown  of  small  leaves  and 
somewhat  resembles  a  palm  tree  in  miniature.    Macrocystis  and 


Fig.  vm\ 


Fia.  197 

Fio.  100.   The  sea  otter's  cabbajre  {Xereocystis) 
A<iaptc<i  from  Postels  and  Ruprecht 

Fio.  197.   The  sea  i)ahn  {VoHtdsia) 

Nereocystis  grow  in  dec])  water,  })ut  tlic  sea  palms  arc  found  on 
the  rocks,  where  the  surf  breaks  so  lu^avily  tlial  lli(».  tou<i:li 
elastic  stems  are  bent  over  at  rip^ht  anj^lcs  by  tlic  force*  of 
everj'  wave. 

The  kelps  reproduce  by  zoiisporcs    developed   in   (nu'-celle<l 
sporangia  that  are  formed  in   lar<xe  [)atches  ii])on  the  leaves. 
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There  is  no  method  of  sexual  reproduction  known,  and  this 
is  remarkable,  for  groups  as  highly  developed  and  eminently 
successful  as  the  kelps  almost  always  have  well-established 

and  complex  methods 
of  sexual  reproduction. 
237.  The  rock- 
weeds.  The  rock- 
weeds  (order  Fucales) 
are  the  highest  forms 
of  the  brown  aJgte, 
both  in  vegetative 
structure  and  because 
of  the  complex  sexual 
conditions  (heterog- 
amy), with  character- 
istic eggs  and  sperms. 
The  commonest 
genus  is  Fuctts  (Fig. 
198),  which  is  very 
widely  distrilnited  in 
the  colder  seas  and 
forms  the  bulk  of  the 
algal  vegetation  be- 
tween tide  marks 
(Plate  lY).  The  plant 
body  of  Ficcics  forks 
very  regularly  (dichot- 
umous  branching), 
and  the  growth  is  from 
a  region  of  cells  situ- 
ated in  a  pit  at  the  end 
of  ea(ih  branch  (Fig. 
198,;?). 

The   sexual   organs 
arise   from   the    sides 


Fk;.  108.   A  rookweed  {Fucus  vesicnlosus) 

A ,  liiibit  sketcli,  showing  tlio  forking  of  tlu*  branclK's : 
h,  air  blad<l»'rs;  r,  swollen  fruit iiiir  tips  (rccepta- 
ch's),  with  tlu'  sunken  cavities  (conceptacb's)  which 
contain  the  sexual  origans :  /».  pit  at  a  ^rowinij 
point.    B,  base  of  a  plant :  //,  lioldfast 
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and  bottom  of  small  cavities,  called  conceptacles  (Fig.  199,  A), 
which  are  developed  iii  swollen  tips  of  older  branches  termed 
receptacles  (Fig.  198,  r).  Some  species  of  Fuctis  (as  F,  edentatus) 
have  both  male  and  female  organs  in  the  same  conceptacle,  but 
in  other  species  they  are  formed  in  different  conceptacles,  and 
even  upon  different  plants,  as  in  F.  vesiculostcs.  The  female  organ 
is  a  large  cell,  or  oogonium  (Fig.  199,  B,  C),  which  in  Facits 
develops  eight  eggs.  The  male  organs,  antheridia,  are  also  single 
cells  (Fig.  199,  Z>),  but  they  are  generally  borne  in  dense  clusters 
upon  branching  stalks,  and  each  produces  more  than  a  hundred 
very  small  sperms  with  two  cilia  at  the  side 
(Fig.  199,  E),  The  eggs  and  sperms  are 
forced  out  of  the  conceptacles  by  the  swell- 
ing of  mucilage  that  is  developed  within 
the  structure,  aided  by  the  contraction  of 
the  tissue  when  the  plants  are  exposed  at 
low  tide  to  the  drj'ing  action  of  the  air. 

The  eggs  are  fertilized  in  the  sea  water 
outside  of  the  conceptacles.  The  sperms 
gather  around  an  egg  in  great  num})er8 
(Fig.  199,  F),  making  it  revolve,  and  finally 
one  enters.  The  male  nucleus  passes  rap- 
idly to  the  center  of  the  egg  and  in  a  few 
minutes  begins  to  fuse  with  the  female 
nucleus.  The  striking  differences  in  size 
and  structure  between  the  large  egg  and 
minute  sperm  make  the  sexual  process  of 
Fftrus  une  of  the  best  illustrations  of  heter- 
ogamy in  the  })lant  kingdom.  Such  ferti- 
lized t\iXiTs  as  are  fortunate  enough  to  find 
favorable  restini^  places  begin  to  i^erniinate  within  twenty-four 
hours,  and  develop  directly  inti>  young  Fi(ci(fi  plants. 

238.  Sargassum.  S^nytf.^.^mn  (Vvr,  200)  is  one  of  the  Fucahs 
that  deserves  special  nienlitui  fnr  the  complexity  of  its  plant 
b(Kly,  whU'h  bears  tliree  forms  of  lateral  structures:  (1)  thin, 


Fig.  200.    Sarrfnssum 
F'dipcmlula 

Tip  of  plant  sliowiim  leaf- 
like lateral  branches, 
the  stalked, berry-like, 
hollow  tloats,  and  the 
fruit inir  branches,  or 
r(H*eptach'S.  r 
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leaf-like  branches  which  resemble  foliage,  (2)  berry-like  floats, 
and  (3)  small  reproductive  branches,  or  receptacles  (Fig.  200,  r). 
Some  species  of  Sargassum,  when  torn  away  from  their  at- 
tachment to  rocks,  are  able  to  vegetate  in  the  open  sea,  where 
they  are  called  gulf  weedy  but  they  are  not  known  to  fruit  in 
the  free  floating  condition.  Certain  ocean  currents  carry  and 
accumulate  immense  quantities  of  this  floating  gulf  weed  in 
great  eddies  in  the  ocean,  forming  the  Sargasso  seas. 

239.  Summary  of  the  brown  algae.  The  Phceophycecc  stand 
entirely  apart  from  the  green  algie  as  a  side  line  of  plant  evolu- 
tion. There  is  much  evidence  that  it  is  a  group  of  very  ancient 
origin,  probably  arising  from  an  ancestr}^  of  motile  organisms 
(somewhat  like  the  flagellates)  just  as  did  the  green  algie  in 
early  geological  ages.  Tlie  brown  algai  have  develoi)ed  in  their 
own  peculiar  ways  the  largest  and  most  complex  forms  of  plant 
bodies  in  the  thallophytes,  and  also  some  very  high  types  of 
sexual  reproduction.  It  is  clear,  however,  that  these  have  no 
relation  to  higher  plants,  bryophytes  and  pteridophytes,  and  are 
also  entirely  independent  of  other  groups  of  algie.  Thus  heter- 
ogamy in  the  brown  algie  has  been  develoi)e(l  entirely  indei)end- 
ently  of  heterogamy  in  the  green  algie,  illustrating  very  well 
how  similar  results  may  be  worked  out  through  ditferent  evo- 
lutionary lines  independently  of  one  another. 

CLASS  IV.   THE  RED  ALCJ.E,  OR  RIIODOPll  YCK.E 

240.  The  red  algae.*  Tlie  Rhodophycvn:  include  the  most 
beautiful  of  the  marine  algie,  for  many  of  the  f(»rnis  are  exqui- 
sitely colored  in  clear  shades  of  red,  and  are  extremely  deli(?ate 
in  structure.  Other  forms  are  brownish  red  or  ])urj)li.sh,  and  cer- 
tain types  are  greenish.    Tlie  i>igment  is  lield  in  chromatopliores, 

•To  THE  Instructor:  In  a  hv'wi  coni-sf  where  only  <»iio  type  can  1m» 
studied  in  the  laboratory,  Nemnl'wn  or  liatrwhnspermum  is  pn-ferahle,  fol- 
lowed by  a  study  of  the  life  habits  of  the  ^^roup  and  demonstrations  of 
herbarium  material. 
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and  performs  the  photosyiithetic  work  of  the  plant.  Although 
the  red  algie  can  generally  be  distinguished  by  their  color, 
the  fundamental  characters  of  the  group  are  based  on  the 
structure  of  the  sexual  organs  and  certain  complications  in 
the  life  histories  which  will  be  explained  in  the  accounts  of 
Ncmalion  and  Pohjsiphonia.    The  plant  body  of  the  red  alga3 

ranges  from  filamentous  tyi>es 
of  great  delicacy  (as  Callitlt am- 
nion) to  such  coarse  forms  as 
the  Irish  moss  (Chorulrus)  and 
the  dulse  {Rhodymcnia),  It  is  a 
remarkable  fact  that  the  large 
types  are  really  composed  of 
complicated  systems  of  filaments 
so  closelv  associated,  however, 
as  to  give  the  appearance  of  a 
cell  tissue.  Adjacent  cells  in 
the  same  filament  are  usually 
connected  l)y  strands  of  prot(;- 
plasm,  a  striking  fe^iture  of  the 
group.  Some  of  the  red  alga*, 
as  the  Irish  moss  and  the  dulse, 
are  eaten,  and  a  number  of  tliem 
are  used  as  relishes  by  the  na- 
tives of  the  Hawaiian  Islands, 
riiina,  and  Japan.  ( -ertain  forms  have  an  economic  value  for 
gelatin,  which  is  obtained  from  their  tissues;  thus  agar-agar 
comes  from  the  stems  of  a  red  alga  {(rrucilaria)  which  grows 
hi  the  seas  of  the  Orient. 

241.  Life  habits.  The  life  habits  of  the  red  algte  are  in  strik- 
ing contrast  to  those  of  tlu^  brown.  They  prefer  warmer  waters, 
and  the  best  dis])lays  are  on  such  coasts  as  the  Mediterranean, 
t\u\  islands  of  the  West  Indies,  southern  California,  and  Aus- 
tralia. They  generally  flourish  in  deei)er  waters  than  the  green 
and  brown  alga\  and  form  the  greater  part  of  the  seaweed  growth 


Fi<;.  201.   Till'  Irish  im)>is  (Chondrus 
rrispns) 

About  one  half  natural  size;  the  shaded 
spots  are  sexually  formed  fruits,  or 
cvstocarps 
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below  the  fringe  of  green  and  brown  which  is  frequently  quite 
conspicuous  on  rocks  near  low-water  mark.  Some  of  the  forms 
are  found  at  depths  of  two  hundred  feet  or  more,  the  depth  limit 
varying  with  the  clearness  of  the  water.  Most  of  the  red  alga? 
seem  to  prefer  shaded  situations  among  the  rocks,  and  it  is 
probable  that  their  characteristic  color  is  associated  with  these 

9 


Fig.  202.  The  distribution  of  conspicuous  algae  on  two  rocks  of  Spindle 
Ledge,  Woods  Hole,  Massachusetts,  in  September,  1905 

The  dotted  line  is  low-water  mark,  and  the  rocks  are  completely  eovered  at  high 
tide.  Blue-green  algsB:  1,  Calothrix  «copuloruni,  on  the  highest  part  of  the 
rock.  Green  algte:  2,  Ulva  lactuca  var.  righla  (sea  lettuce) ;  H,  Enteromorpha 
proli/era  (sea  lettuce) ;  both  forms  grow  well  above  low-water  mark.  Brown 
alg»:  4,/'wcti«ve«ct//o«tt.^(rockweed), in  patches, butnot  plentiful  in  thesummer; 
5,  Chordaria  flagelliformis  (shoestrings),  heavy  growths,  well  below  low-water 
mark.  Redalgro:  (\f  Nemalion  inult{ti(iuin,  on  the  higher  parts  of  the  rock; 
7,  Ceramium  rubrum,  a  well-markecl  fringe  at  low-water  mark ;  8,  Polyai- 
phonia  violaceat  a  well-marke<i  fringe  just  ImjIow  low-water  mark ;  9,  Chondrus 
crispus  (Irish  moss),  Urge  patches  from  one  to  three  feet  below  low-water  mark 

peculiar  subdued  light  relations,  so  different  from  those  of  other 
algse.  Some  types  are  incrusted  with  lime  and  form  tlie  curious 
growths  on  rocks  called  corallmes. 

242.  The  distribution  of  algae  on  rocks.  Many  seaweeds  are 
only  found  in  certain  situations  ui)on  rocks,  where  they  grow  in 
patches  and  fringes,  and  frequently  exhil)it  a  sort  of  zonation 
somewhat  similar  to  the  distribution  of  plant  life  around  the 
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margins  of  ponds  and  lakes.  Fig.  202  presents  a  diagram  of 
such  distribution  on  two  isolated  rocks.  It  will  be  seen  that 
there  is  a  clear  zone  of  a  red  alga  (Polysiphonia)  just  below 
low-water  mark,  another  zone  (Cerammm)  at  or  a  little  above 
this  mark,  while  the  Irish  moss  grows  at  some  depth.  The 
sea  lettuces  and  rockweed  are  well  above  low-water  mark,  as 
is  also  NemalioUy  which  is  exceptional  in  its  habits  for  a  red 
alga.  On  the  northerly  New  England  coast  and  beyond  there 
are  usually  two  distmct  zones  on  the  rocks,  —  one  well  above 
low-water  mark,  composed  chiefly  of  rockweeds,  and  the  other 
near  this  point,  but  below,  and  made  up  mostly  of  Irish  moss 
with  other  red  algie,  including  the  dulse. 

243.  Nemalion.  Nemalion  illustrates  excellently  the  structure 
of  the  sexual  organs  and  the  sexually  formed  fructification  of 
the  red  algcC,  called  the  cystocarp  (meaning  a  fruit  cavity).  The 
plant  body  is  a  rather  soft,  cord-like,  branching  structure,  com- 
posed of  an  immense  number  of  filaments  held  together  by  a 
stiff  gelatinous  substance  around  tlie  cells.  There  is  a  central 
axis  of  delicate  threads,  while  the  outer  regions  consist  of  short 
filaments  pointing  outward.  The  cells  of  the  outer  filaments 
contain  eacli  a  single  chromatophore,  and  the  vegetative  activi- 
ties (photosynthesis)  as  well  as  the  reproductive  take  place  in 
this  region  of  the  plant. 

The  male  organs,  or  antheridia,  consist  of  clusters  of  small  cells 
at  the  surface  of  the  plant  (Fig.  203,  A),  each  of  which  develops 
a  single  sperm,  si)herical  in  form  and  without  cilia,  and  con- 
sequently 710 n mot  lie.  The  female  organ  (Fig.  203,  B)  is  devel- 
oped at  tlie  end  of  a  short  branch  and  consists  of  a  cell  which 
bears  a  long,  hair-like  extension  called  the  trichogync  (meaning 
female  hair),  which  is  the  receptive  organ  for  the  sperms.  The 
sperms  are  applied  to  the  trichogynes  largely  by  the  contact  of 
male  plants  with  the  female  as  they  are  washed  about  by  the 
movements  of  the  water.  When  a  sperm  fuses  with  the  tri- 
chogync its  nucleus  (male)  passes  down  into  the  swollen  base  of 
the  female  cell  and  unites  there  with  a  female  nucleus.    The 
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trichogyne  then  withers  above  the  fertilized  female  cell.  The 
female  cell  is  called  the  carpogonium,  but  it  corresponds  ex- 
actly to  an  oogonium,  and  indeed  resembles  very  closely  the 
oogonium  of  some  species  of  Cole- 
ochwte  (Sec.  222).  Its  peculiar 
form,  with  a  receptive  organ,  the 
trichog}'ne,  is  undoubtedly  asso- 
ciated with  the  nonmotile  habits 
of  the  sperms.  The  red  algte  are 
clearly  heterogamous  in  their 
methods  of  sexual  reproduction. 

The  female  cell,  or  carpogoni- 
um,  after  fertilization,  gives  rise 
to  a  dense  cluster  of  short  fila- 
ments, called  fertile  filaments, 
which  all  together  form  a  glol)ular 
fructification  called  the  cystocarp 
(Fig.  203,i>).  The  terminal  cells 
of  the  fertile  filaments  become 
spores,  termed  carpospores,  which 
develop  new  Nemalion  plants. 
The  cystocarp  is  clearly  a  new 
type  of  fructification  in  the  algiv. 
It  is  a  structure  which  begins 
with  the  fertilization  of  the  carpo- 
gonium  and  ends  with  the  forma- 
tion of  carpospores,  and  thus 
stands  as  a  phase  in  the  life  his- 
tory inserted  between  two  gener- 
ations of  the  sexual  plants. 

244.  Batrachospermum. 
Batrdchospcrmnm  is  one  of  the 
few  fresh-water  forms  of  the  red 
algse,  and  is  also  an  exceptional 
type  for  its  color,  which  is 


Fig.  203.   Nemalion  multifldum 

^,  antheridia,  consisting  of  groups  of 
small  cells,  each  of  which  develops 
a  single  sperm;  the  vegetative 
branch  at  the  right  illustrates  the 
method  of  terminal  growth  and  the 
protoplasmic  con ncH't ions  between 
the  cells.  B,  the  female  cell,  or  car- 
pogonium,  c,  with  its  trichogyne, 
t,  to  which  are  attached  three 
sperms.  C,  early  stage  in  the  de- 
velopment of  the  cystocarp;  the 
trichogyne  above  has  begun  to 
wither.  I),  mature  cysto<*arp  com- 
posed of  fertile  filaments  which 
develop  the  carpospores  cs  termi- 
nally ;  wtt  withered  trichogyne 
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generally  some  shade  of  green.  The  sexual  organs  and  cystocarps 
are  enough  like  those  oi  Nemalion  to  make  it  as  good  a  form  to 
illustrate  the  sexual  processes  and  life  history  of  the  red  algae 
as  the  latter  type,  and  it  is  sometimes  more  available  for  inland 
classes.  Batrachospermum  grows  in  clear  brooks  and  is  generally 
found  in  its  best  condition  in  late  winter  and  early  spring. 

245.  Polysiphonia.  Polysiphonia  illustrates  some  further 
complexities  in  the  life  history  of  the  red  algse  which  are  not 
present  in  Nemalion  and  Batrachospermum,  Tlie  filaments  of 
these  beautiful  plants  consist  of  rows  of  cells,  called  siphons, 
connected  with  one  another  in  an  elaborate  manner.  There  is 
a  central  siphon,  around  which  are  arranged  a  circle  of  outer 
siphons  variable  in  number  for  different  species. 

The  sexual  organs  are  found  on  separate  plants.  The  male 
organs,  antheridia,  are  modified  branches  (Fig.  204,  A)  that  de- 
velop an  outer  covering  of  small  cells  wliich  form  the  sperms 
(Fig.  204,  B).  The  female  organ  is  found  on  a  small  branch 
(Fig.  204,  C)  and  consists  of  a  carpogonium,  with  its  trichogyne, 
accompanied  by  a  number  of  vegetative  cells  wliich  later  take 
part  ill  the  development  of  the  cystocarp.  The  fusion  of  a  si)erni 
with  the  trichogyne  fertilizes  the  carpogonium  as  in  Nemalion, 
There  are  two  sets  of  activities  concerned  with  the  development 
of  the  cystocarp:  (1)  there  are  some  remarkable  cell  unions 
between  the  fertilized  carpogonium  and  neighboring  cells  (aux- 
iliary cells)  for  nutritive  purposes,  and  then  the  development  of 
carpospores  from  the  large  fusion  cell  which  is  formed ;  (2)  ac- 
companying this  activity  there  is  the  development  of  an  urn- 
shaped  envelope  (Fig.  204,  D),  from  some  of  the  vegetative  cells 
around  the  carpogonium,  and  this  is  clearly  a  protective  structure 
to  contain  the  carpospores.  The  first  set  of  activities  corresponds 
to  the  development  of  tlie  simple  cystocarp  of  Nemalion.  The 
second  set  forms  the  additional  urn-shaped  protective  ease.  The 
cystocarp  of  Jhlt/siphonia  is  therefore  a  system  of  two  tissues, 
one  derived  from  the  fertilized  carpogonium,  and  the  other  from 
the  vegetative  cells  of  the  parent  plant. 
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Besides  the  sexual  plants  (male  and  female)  there  is  an  asexual 
condition  in  Polysiphonia  called  the  tetrasporic  plant.  Tetra- 
sporic  plants  are  individuals  which  develop  asexual  spores,  called 
tetraspores  because  they  are  formed  in  groups  of  four,  termed 
tetrads,  in  mother  cells  (Fig.  204,  E,  F),  The  tetraspore  mother 
cells  arise  from  the  central  siphon  near  the  ends  of  the  branches. 


Fio.  204.   Polysiphonia  violacea 

A,  tip  of  filament  showinf^  two  antheridia,  a;  B,  cross  section  of  a  portion  of  an 
antheridiom  illustrating  the  development  of  the  sperms  at  the  ends  of  the  very 
numeroos  short  branches;  (.\  a  procarp  with  the  projecting trichoj^ne  ^  from 
the  female  cell  (carpogonium),  wliich  is  hidden  by  the  surrounding  sterile  cells ; 
/),  mature  cystocarp  with  the  urn-shaped  enveh){)e  inclosing  the  cluster  of 
carpospores,  a  single  spore  shown  at  the  right;  A\  a  short  branch  from  a  tctra- 
aporic  plant;  F^  two  groups  of  tetraspores  from  a  branch  similar  to  E;  note 
the  peculiar  arrangement  of  the  tetraspores  in  a  group  of  four,  or  tetrad 

Some  recent  investigations  clearly  indicate  that  the  tetrasporic 
plants  come  from  carpospores,  and  that  the  tctrasjMjres  develop 
into  sexual  plants.  So  there  is  an  alternation  of  sexual  and 
tetrasporic  plants  in  the  life  history  of  Polf/siphonia. 

5J46.  Summary  of  the  red  algae.    It  is  quite  certain  that  the 
red  algae  have  had  their  origin  from  a  very  much  higher  level 
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than  the  green  or  brown  algae  because  of  the  complicated  sexual 
organs  and  life  histories  and  the  absence  of  motile  stages  repre- 
sented by  the  zoospores  and  motile  gametes  of  those  groups. 
The  red  algae  resemble  Coleochcete  (Sec.  222)  in  a  number  of 
features,  and  it  is  possible  that  this  type  may  be  rather  close  to 
the  starting  point  of  the  group.  The  peculiar  structure  of  the 
female  sexual  organ  (earpogonium),  which  is  really  an  oogonium 
with  a  receptive  organ  (trichogyne),  is  undoubtedly  associated 
with  the  loss  of  motility  on  the  part  of  the  sperms.  But  the 
most  remarkable  peculiarity  is  the  development  from  the  ferti- 
lized earpogonium  of  a  tissue  which  produces  carpospores.  Tliis 
structure  (from  the  fertilized  earpogonium  to  the  carpospores) 
is  a  new  phase  in  the  life  liistory  of  algae,  and  together  with 
protective  envelopes,  when  present,  constitutes  the  cystocarp.  It 
is  probable  that  the  asexual  tetrasporic  plants  found  in  most 
species  of  the  red  algae  arise  from  the  carpospores,  and  that  the 
sexual  plants  in  these  types  are  developed  from  the  tetraspores. 
The  structure  developing  from  the  fertilized  earpogonium  and 
ending  with  the  carpospore,  together  with  the  tetrasporic  plant, 
when  present,  therefore  forms  an  asexual  phase  in  the  life  history, 
alternating  with  the  sexual  plants.  Such  asexual  phases  are 
called  Hporophi/tcs  (meaning  spore-bearmg  plants),  to  distinguish 
them  from  tlie  sexual  plants,  called  gamctophytes  (meaning 
gamete-bearing  plants),  and  their  following  one  after  another 
in  a  life  history  constitutes  an  alternation  of  (/enerations.  Such 
an  alternation  of  generations  is  found  in  very  few  groups  of 
the  tliallophytes,  l)ut  it  is  characteristic  of  the  life  histories 
of  all  higlier  groups  beginning  with  the  liverworts  and  mosses 
(Sec.  285).    Its  significance  is  discussed  in  Chapter  xxvi. 


CHAPTER  XXI 

SUMMARY  OF  THE  LIFE  HISTORIES  AND  EVOLUTION  OF 

THE  ALGiE 

247.  The  life  histories  of  the  algae.  The  life  history  of  a 
plant  is  the  succession  of  stages  leading  from  one  generation  to 
another  and  of  course  includes  the  reproductive  periods.  Repro- 
duction may  be  as  simple  a  process  as  the  breaking  off  of 
portions  from  the  parent  plant,  called  vegetative  rejirod action. 
Almost  all  groups  of  plants  have  developed  some  forms  of 
vegetative  reproduction.  The  detached  portions  may  be  merely 
fragments,  as  in  Oscillatoria  (Sec.  209),  or  much  more  compli- 
cated, as  certain  bud-like  structures  in  some  of  the  brown  and 
red  algae.  Methods  of  vegetative  reproduction  give  very  simple 
life  histories,  which  are  merely  a  succession  of  similar  forms 
such  as  may  be  represented  by  the  formula 

P  -  P  -  P  -  P,  etc., 
F  standing  for  the  plant  type. 

The  commonest  methods  of  reproduction  in  the  algae  are 
through  the  special  cells  called  spores,  which  may  be  asexual 
in  character  or  formed  sexually.  Tlie  commonest  form  of  spore 
reproduction  in  the  algae  is  through  the  zoosjK)re.  When  there 
is  no  sexual  process  in  the  life  history,  but  some  method  of 
asexual  spore  reproduction,  the  formula  of  the  life  history 
becomes         p  _  ^^^^  5.  -  p  -  asex.  s.  -  P,  etc., 

asex.  8,  standing  for  asexual  spore. 

Tlie  development  of  sex  in  a  plant  complicates  at  once  the 
life  history.  Gametes  are  formed,  which  unite  to  give  sexually 
formed  cells  or  spores.  These  spores  may  develop  directly  into 
plants  like  the  parents,  as  in  Sphcerella  and  VolvoXy  Spiroyyra^ 
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Vaucheria,  Chara,  and  Fticus,  or  they  may  form  zoospores,  which 
swim  off  and  grow  at  once  into  plants  like  the  parents,  as  in 
(Edogonium,  Ulothrix,  and  Coleochcete,  the  latter  type  developing 
the  zoospores  somewhat  indirectly  through  a  group  of  cells.  But 
in  all  these  forms  the  essentials  of  the  life  history  are  expressed 
by  the  formula 

P<r^^sex,  s,  —  P<^>sea;.  s.  —  P,  etc., 

g  and  sex.  s.  standing  for  gamete  and  sexually  formed  spore, 
respectively. 

It  must  always  be  remembered  that  the  algae  with  sexual 
methods  of  reproduction  frequently  have  also  asexual  zoospores 
or  other  forms  of  asexual  reproduction,  which  may  produce  a 
number  of  successive  generations  between  the  development  of 
sexual  plants.  This  happens  very  frequently  among  the  green 
algai  (as  in  Ulothrix^  (Edogonium^  Coleochcete y  and  Vaucheria) 
and  in  the  lower  brown  algae  (as  Ectocarpus).  The  life  liistory 
formuhi  of  the  sexual  algoj  may  then  be  variously  broken  by  the 
introduction  of  successive  generations  developed  asexually. 

In  the  red  algie  the  sexually  formed  cell  corresponding  to 
an  oospore  does  not  give  rise  at  once  to  a  generation  like  the 
parent  plant,  but  an  asexual  generation  is  inserted  between 
successive  sexual  plants,  alternating  with  them.  This  asexual 
phase  may  be  represented  l)y  the  tissue  which  produces  the  car- 
pospores  within  the  cystocarp,  or  it  may  l^e  represented  by  this 
structure  plus  the  tetrasporic  plant.  There  is,  then,  in  the  red 
algae  an  alternation  of  generations,  an  asexual  phase,  or  sporo- 
jfhyte  (the  cystocarp  and  tetrasporic  plant),  alternating  with  the 
sexual  plant,  or  gamctophyte.  This  is  the  most  complex  type  of 
life  liistory  in  the  algae  and  may  be  expressed  by  the  formula 

n  /cystocarp  and      \  /carpospore  and\ 

G<C^_^—  si  tetrasporic  plant,  1  —  asex.  s.[  tetraspore,         1 

Vwlien  present      /  \when  present   / 

—  G<Cs^^—  S  —  asex.  s.  —  G,  etc.. 
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G  and  S  standing  for  the  gametophyte  and  sporophyte  gener- 
ations, respectively.  It  will  appear  later  that  the  higher  plants 
have  essentially  the  same  life  history  formula  as  this. 

248.  The  evolution  of  sex.  The  account  of  the  algse  has 
given  material  for  a  brief  discussion  of  the  origin  and  evolution 
of  sex.  It  has  been  shown  that  the  simplest  forms  of  sexual 
cells,  or  gametes,  have  essentially  the  same  structure  and  origin 
as  the  zoospores.  These  conditions  are  illustrated  by  Sphccrella, 
Ulothrix,  Ulva,  and  Cladophora.  The  difference  between  the 
gamete  and  zoospore  is  chiefly  one  of  size.  The  gametes  are 
smaller  because  they  are  generally  formed  more  numerously  in 
their  mother  cells.  Gametes  sometimes  are  able  to  germinate 
like  zoospores,  but  such  gametes  are 
apt  to  develop  small  and  weak  plants, 
and  as  a  rule  they  must  fuse  with 
one  another  in  pairs  in  order  to  live. 
It  seems  clear  that  sex  arose  with 
the  development  of  a  tyi)e  of  zocKspore 
smaller  and  apparently  weaker  in  its 
power  of  vegetative  growth  than  the 
normal  zoospore.  These  smaller  zoo- 
spores formed  the  habit  of  fusing  in 
pairs,  and  this  habit,  finally  becoming 
fixed  in  the  plant's  life  history,  de- 
veloped int6  a  method  of  sexual  repro- 
duction. 

After  the  establishment  of  sex  in  a 

group  of  plants,  further  developments    ^'  *^>e   larRe   female  pimete; 
,  -  j«i.        1       P  PI  ^^'  ^^'*^  same  at  rest  and  sur- 

will  tend  to  modify  the  form  of  the  rouiKied  by  small  male  pa- 
gametes,  the  process  finally  ending  in      "^^'^«'  <^"«  «^  ^'*"*'*''  "*»  »» 

*^.  •*^..  .        *'  "  shown  in  the  act  of  fusion 

their    differentiation    into    eggs    and 

sperms.  The  simplest  gametes  are  so  similar  in  form  and  size 
that  they  cannot  be  distinguished  as  male  and  female,  but 
a  number  of  algaj  have  gametes  which  are  different  in  size, 
although  similar  in  structure,  or  moi-pliology.    This  condition 


F ir. .  20r>.   Cutler ia  mult tfida 


224     LIFE  HISTORIES  AND  EVOLUTION  OF  THE  ALGiE 

has  been  noted  in  species  of  Chlamt/domonas  (Fig.  177),  and  some 
other  green  algse  (as  the  siphon  alga  Bryopsis)  show  it,  while 
among  the  brown  algae  certain  species  of  Ectocarpus  and  Cut- 
leria  (B^ig.  205)  furnish  especially  good  illustrations.  The  larger 
gamete  is  female  and  often  has  a  relatively  short  motile  period, 
being  fertilized  when  at  rest  by  the  smaller  male  gamete,  thus 
resembling  an  egg  (Fig.  205,  B).  These  are  transitional  condi- 
tions leading  towards  the  liighest  types  of  gametes,  —  the  egg 
and  sperm.  The  term  isogamy  (similar  gametes)  is  applied  to 
sexual  conditions  when  the  gametes  are  similar  in  fonn, — 
that  is,  have  the  same  strtictiire,  or  7)iorphology,  even  though 
they  may  be  very  difi'erent  in  size.  The  sexually  formed  cell  is 
called  a  zygospore. 

Heterogamy  (dissimilar  gametes)  is  the  sexual  condition  in 
which  the  gametes  are  unlike  inform,  —  that  is,  have  a  dif- 
ferent  structure^  or  morphology,  one  being  the  larger  nonmo- 
tile  egg,  and  the  other  tlie  small,  specialized,  motile  sperm.  The 
sexually  formed  i^ell  is  called  an  oospore,  or  the  egg  is  said  to 
be  fertilized  after  the  union  with  the  sperm.  Several  eggs  may 
be  formed  in  the  mother  cell,  or  o(3gonium,  as  in  Focus,  but 
they  are  generally  developed  singly.  This  latter  condition  is  the 
result  of  evolutionary  processes  by  which  all  of  the  protoplasm 
and  nutritive  material  in  the  oogonium  is  preserved  for  a  single 
egg,  thus  giving  it  all  the  energy  and  i>ower  of  growth  possible. 
The  sperms,  on  the  contrary,  are  fre([uently  developed  in  very 
great  numi)ers  in  their  parent  cells,  and  are  consequently  small, 
and  must  die  ([uickly  if  they  are  unable  to  fertilize  eggs. 

It  is  very  important  to  note  that  the  principles  affecting  tlie 
evolution  of  sex  are  always  at  work  and  have  undoubtedly 
operated  separately  in  various  groui)s  of  plants.  Tlius  heter- 
ogamy has  developed  indej^endently  in  the  lines  of  the  green 
algiie,  ending  in  Volvox,  (Edogonium..  Cnleocha:fe,  Vaucheria,  and 
Chara,  and  in  the  rock  weeds  {Fitcnks)  as  well.  Heterogamy 
is  the  highest  point  of  sexual  evolution,  Init  plants  above  the 
thallophytes  show  some  important  advances  in  their  methods 
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of  protecting  the  egg.  It  will  appear  later  that  the  eggs  of  liver- 
worts, mosses,  and  ferns  are  retained  in  special,  protective,  cellular 
structures  called  archegonia,  wliich  are  the  female  reproduc- 
tive organs.  The  presence  of  this  organ  is  one  of  the  important 
characters  of  these  groups  (bryophytes  and  pteridophytes),  and 
its  absence  is  one  of  the  peculiarities  of  the  thallophytes. 

249.  The  evolution  of  the  algae.  The  evolution  of  the  algae 
is  the  result  of  many  factors  which  affect  their  life  habits  and 
life  histories.  Sexual  processes  have  been  the  chief  factors 
modifying  life  histories,  for  they  are  always  a  stimulus  to  devel- 
opment, and  have  been  the  starting  points  for  some  of  the  most 
important  complications  in  the  life  liistories  and  developments 
of  groups.  The  most  conspicuous  illustration  of  this  principle 
appears  in  the  red  algte,  where  an  asexual  generation  follows  the 
sexual  process,  and  similar  conditions  are  present  in  a  peculiar 
group  of  the  brown  algae  represented  by  Didyota. 

One  of  the  most  clearly  marked  evolutionary  principles  illus- 
trated in  the  algae  is  the  tendency  to  establish  fixed  or  attached 
forms  and  to  limit  the  motile  stages  in  the  life  history  to  the  re- 
productive cells  (zoospores  or  gametes).  Some  of  the  lower  algae 
are  motile  throughout  almost  all  of  their  life  histories,  as  in  the 
Volvocacece  (Sec.  215)  and  that  group  of  uncertain  relationships, 
the  flagellates  (Sec.  204).  But  the  motile  stages  become  merely 
reproductive  phases  in  the  higher  forms.  Thus  the  appearance 
of  zoospores  and  motile  gametes  in  the  life  histories  of  higher 
types  of  algse  is  l)elieved  to  represent  a  return  for  a  short  time 
to  the  motile  conditions  and  habits  of  their  ancestors. 

The  establishment  of  attached  plant  bodies  oi)ened  immense 
possibilities  of  plant  development,  and  resulted  at  once  in  a 
great  variety  of  structures.  Tlie  first  of  these  were  simple  forms 
of  thalli,  such  as  filaments,  membranes,  and  plates  of  cells.  But 
later  the  plant  structures  became  more  complex,  developing 
holdfasts  and  stems,  which  bore  leaf-like  lateral  structures, 
evidently  differentiated  to  give  a  large  ex])osure  to  sunlight, 
and  for  the  work  of  photosynthesis.    Tluis  types  of  plant  bodies 
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arose  which  were  more  complex  than  the  thallus,  since  they 
showed  three  regions,  —  stems,  leaf-like  hlades,  and  holdfasts. 
We  shall  see  later  that  the  stems,  hlades,  and  holdfasts  of  the 
highest  algae  do  not  correspond  to  the  stems,  leaves,  and  roots  of 
fern  and  seed  plant,  which  developed  very  much  later  through 
a  complicated  history.  But  this  differentiation  of  the  plant  body 
in  the  thallophytes  is,  at  least,  a  response  to  the  same  sort 
of  influences  as  guided  the  development  of  the  higher  plants. 
These  mfluences  were  in  part  the  evident  advantages  to  a  plant 
of  being  fastened  to  a  suitable  attachment,  from  which  it  can 
grow  and  present  as  nmch  surface  as  possible  to  the  sunlight. 

In  conclusion,  one  sliould  think  of  the  algse  as  comprising  a 
large  number  of  divergent  lines,  whose  relationships  are  some- 
times so  distant  that  one  cannot  make  even  a  good  guess  as  to 
the  evolutionary  history.  The  stoneworts  {Charalcs)  constitute 
l)erhaj)s  the  best  illustration  of  such  an  isolated  group.  Very 
few  of  the  alg^e  now  living  are  near  the  theoretical  main  line 
of  a*scent  to  the  liverworts  and  mosses.  The  algae  should  be 
thought  of  as  spreading  out  in  many  directions,  each  group 
developing  in  its  own  particular  line  of  evolution,  adjusting 
itself  as  best  it  may  to  its  particular  sort  of  life.  Some  pos- 
sible relationships  have  been  suggested  in  the  accounts  of  the 
various  groups,  but  the  subject  is  too  complex  to  be  given 
detailed  consideration  here. 


CHAPTER   XXII 

THE  FUNGI  AND  THEIR  RELATION  TO  FERMENTATION 
AND  DISEASE 

250.  The  fungi.*  The  fungi  are  thallophytes  whose  plant 
bodies  have  no  chlorophyll  or  other  coloring  matter  capable 
of  doing  the  work  of  photosynthesis.  Consequently  fungi  are 
unable  to  manufacture  the  primary  foods  of  plants,  such  as 
starch,  and  are  absolutely  dependent  upon  organic  substances 
obtained  from  animals  and  plants.  Fungi  must  therefore  live 
either  as  parasites  upon  living  plants  or  animals,  called  their 
hosts,  or  as  saprophytes  (meaning  decay  plants)  upon  dead  organic 
matter  or  the  products  of  decay.  Fungi  are  frequently  spoken  of 
as  colorless  plants,  because  tliey  have  no  chlorophyll,  but  many 
forms  are  brilliantly  colored  by  special  pigments. 

The  fungi  have  undoubtedly  been  derived  from  the  algai, — 
not  from  a  single  group  of  the  algie,  however,  but  from  several 
widely  separated  groups.  Conse([uently  the  classes  of  tlie  fungi 
have  not  developed  one  from  another,  but  in  most  cases  are 
believed  to  be  either  of  entirely  independent  origin  or  of  very 
remote  relationship  through  ancient  forms  of  algie  no  longer 
living.  The  chief  peculiarities  of  the  structures  and  life  liisto- 
ries  of  fungi  are  largely  the  results  of  tlieir  adaptations  to  lives 
of  parasitism  or  saprophytism.  One  of  the  results  of  these  adap- 
tations has  been  the  development  of  a  much  greater  number  of 
species  than  is  found  in  the  algte. 

•  To  THE  Instructor  :  As  in  the  account  of  the  alpe,  this  chapter  describes 
more  forms  than  should  be  piven  in  a  poneral  cr)urse.  Many  of  them  must 
be  omitted  or  merely  discussed  in  the  class.  They  have  been  inchided  in  onler 
to  provide  a  range  of  material  for  selection  adaptable  to  various  sections  of 
the  country  and  the  different  conditions  under  which  the  subject  must  be 
presented. 
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We  shall  consider  five  classes  in  the  series  of  the  fungi  among 
the  thallophytes  (see  Outline  of  Classification,  p.  155). 

Class  V.       The  bacteria,  or  Schizomycetes. 
Class  VI.     The  yeasts,  or  Saccharomycetes. 
Class  VII.   The  alga-like  fungi,  or  Phycomycetes. 
Class  VIII.  The  sac  fungi,  or  Ascomycetes. 
Class  IX.     The  basidia  fungi,  or  Basidiomyceies, 


CLASS  V.    THE  BACTERIA,  OR  SCHIZOMYCETES 

251.  The  bacteria.  The  bacteria  are  the  smallest  living 
beings  known.  The  single  cells  of  many  species  are  less  than 
one  ten  thousandth  of  an  inch  in  diameter,  and  some  are  very 
much  smaller  still.  Most  of  the  bacteria  are  one-celled.  Some 
types  are  spherical  or  oval,  some  are  straight  or  slightly  bent 
rods,  and  some  are  spirally  twisted  forms  of  various  lengths 
(Fig.  206).  Certain  species  are  provided  with  numerous  cilia  and 
are  actively  motile.  The  cells  may  be  loosely  joined  together 
in  chains  or  collected  in  jelly-like  masses  or  colonies,  wiiich  are 
sometimes  brightly  colored,  yellow,  red,  blue,  or  green.  Some  of 
the  bacteria  are  filamentous  and  made  up  of  rows  of  cells.  The 
cells  are  very  simple  in  structure,  since  they  do  not  have  a 
clearly  defined  nucleus,  and  in  this  important  respect  they 
resemble  the  blue-green  algie,  from  which  they  are  believed  to 
have  been  derived  (Sec.  211). 

Tlie  cells  of  the  bacteria  multiply  by  simply  splitting  apart, 
which  gives  them  their  name  of  Scliizomycetcs,  or  fission  fungi. 
These  cell  divisions,  under  favorable  conditions,  take  place  in 
some  forms  as  frequently  as  once  every  half  hour,  and  the  de- 
scendants from  a  single  individual  may  number  many  millions 
in  a  few  days.  The  bacteria  are  only  limited  in  their  remarkable 
powers  of  multiplication  by  lack  of  food  or  other  unfavorable 
conditions.  Many  bacteria  have  the  ]X)wer  of  developing  thick- 
walled  resting  cells,  or  spores,  within  the  parent  cell,  which  can 
survive  a  temperature  above  the  boilmg  point  of  water  and  also 


Fio.  200.   Groups  of  bacteria  stained  to  show  their  cilia 

A,  BaeiOusmbtilis,  an  organism  of  decay  cliarjirtcristir  of  hay  infusions ;  B,  Tiadl- 
lus  typhi,  the  germ  of  typlioid  fever:  (',  Jiacillus  vuU/aris,  single  cells  and 
filaments;  />,  Planococcus  citrens,  which  forms  yellow  colonies  on  various  sub- 
strata; Ef  Pseudomonas  syncijanea,  which  turns  milk  blue;  f\  ottier  species 
of  Pseudomonas;  Gf,  Micronpira  comma,  the  germ  of  Asiatic  cholera;  //,  Spi- 
rillum undida,  in  water  containing  decaying  fish,  alg^,  etc. ;  /,  another  species 
of  Spirillwn.  — After  Migula 
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below  freezing,  and  are  able  to  live  for  very  long  periods.  But 
other  forms,  as  the  Bacillus  of  typhoid  fever  (Fig.  206,  B)y  may 
be  certainly  killed  within  a  few  minute^  by  boiling  the  water 
in  which  they  live.  Certain  bacteria,  as  the  species  which  pro- 
duce lockjaw  and  cause  butter  to  become  rancid,  will  live  with- 
out air,  and  are  even  injured  by  contact  with  free  oxygen.  They 
obtain  the  oxygen  necessary  for  respiration  from  compounds, 
such  as  the  carbohydrates,  which  contain  it. 

The  bacteria  are  present  almost  everywhere,  floating  in  the 
air  on  particles  of  dust,  in  tlie  water,  in  the  soil,  and  always 
living  within  and  upon  the  bodies  of  animals.  Thus  the  bacte- 
ria are  ready  to  grow  and  multiply  wherever  they  find  favorable 
conditions,  but  these  are  exceedingly  various  for  the  different 
species.  Some  forms  are  restricted  to  a  parasitic  life  on  particu- 
lar hosts,  as  certain  animals  or  plants,  or  man.  Other  types  are 
connected  with  special  chemical  reactions,  as  in  the  processes  of 
decay,  fermentation,  nitrification,  etc.  Many  bacteria  are  indis- 
pensable to  life  on  the  earth,  and  of  the  greatest  service  to  man. 
Many  forms  are  harmless,  but  of  no  special  value  to  man. 
Some  cause  dangerous  contagious  diseases. 

252.  Decay.  Decay  is  the  destruction  or  decomposition  of 
higlily  complex  organic  compounds,  such  as  the  proteids,  fats, 
sugars,  and  cell  walls  of  plants,  by  which  they  are  broken  down 
into  successively  simpler  substances,  and  finally  into  fluids  and 
gases,  some  of  which  are  very  ill  smelling.  The  products  of 
decomposition  form  various  chemical  combinations,  and  are 
finally  used  again  in  the  constructive  processes  of  life.  The  bac- 
teria and  other  fungi  are  the  chief  agents  of  decay,  and  if  it 
were  not  for  them  the  world  would  soon  be  filled  with  organic 
waste  products,  together  with  the  dead  bodies  of  animals  and 
plants  of  no  value  as  food.  Thus  all  the  chemical  elements 
capable  of  sustaining  life  would  long  ago  have  l)een  used  up  and 
life  on  the  earth  would  have  ceased.  The  bacteria  are  there- 
fore chiefly  responsible  for  a  circulation  of  elements  (see  dia- 
gram, Fig.  207),  from  the  highly  complex  organic  compounds  of 
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animals  and  plants  back  to  the  simpler  substances  from  which 
green  plants  manufacture  their  food  and  build  up  protoplasm. 

Food  may  be  kept  indefinitely  when  imder  conditions  that 
hinder  the  growth  of  bacteria,  as  in  cold  storage.  The  exclusion 
of  all  bacteria  from  hermetically  sealed  tinned  foods,  in  which 
all  germs  have  been  previously  killed  by  heat,  is  the  chief  prin- 
ciple in  the  success  of  the  canning  industry.  The  agreeable 
flavors  of  high-grade  butter  and  certain  cheeses,  as  well  as  the 
gamy  taste  of  meat,  are  largely  due  to  bacteria,  and  really  indi- 
cate the  first  stages  in  the  process  of  decay,  although  usually  not 
at  all  harmful  or  distasteful.  Not  infrequently,  however,  incip- 
ient putrefaction  forms  certain  organic  poisons,  called  ptomaines^ 
in  nitrogenous  foods,  and  these  may  give  rise  to  distressing 
symptoms,  or  even  prove  fatal  to  the  consumer. 

253.  Fermentation.  Decay  may  take  place  in  two  very  dif- 
ferent classes  of  substances:  (1)  the  carbohydrates,  such  as  cel- 
lulose, starch,  sugar,  etc.,  and  (2)  the  proteids  or  nitrogenous 
substances  that  make  up  protoplasm,  flesh,  and  many  food  prod- 
ucts. The  breaking  down  of  the  carbohydrates  is  called  fermen- 
tatioTiy  and  many  other  fungi  besides  the  bacteria  are  concerned 
with  the  process.  Yeasts,  for  example,  are  the  most  important 
organisms  in  the  fermentation  of  sugar,  and  the  decay  of  cell 
walls  in  timber  is  chiefly  due  to  some  of  tlie  higher  fungi. 

The  best-known  types  of  fermentation  are  the  alcoholic  and 
the  acid.  Alcoholic  fermentation  involves  the  change  of  sugars 
to  alcohols,  accompanied  by  the  formation  of  large  quantities  of 
carbon  dioxide,  and  will  be  considered  more  especially  in  the 
account  of  the  yeasts.  Acid  fermentation  is  the  transformation 
of  sugars  and  alcohols  into  organic  acids,  and  bacteria  play  the 
most  important  part  in  this  process.  Tims  tlie  change  of  cider 
to  vinegar  is  one  of  sugars  and  alcohols  into  acetic  acid,  and 
the  souring  of  milk  is  the  formation  of  lactic  acid  from  milk 
sugar.  Both  processes  are  caused  by  bacteria.  There  are  a 
number  of  stages  in  the  processes  of  fermentation.  For  exam- 
ple, cellulose  is  first  changed  into  some  kind  of  sugar,  and  this 
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later  into  alcohols  and  organic  acids.  The  last  stages  result  in 
the  formation  of  the  gas  carbon  dioxide  (COj)  and  sometimes 
marsh  gas  (CH^),  wliich,  when  mixed  with  hydrogen  phosphide, 
becomes  the  "  will-o'-the-wisp  "  of  swamps. 


Fig.  207.  Diagram  illustrating  the  circulation  of  nitrogen 

Nitrogen  is  taken  by  green  plants  from  the  nitrates,  and  through  energy  derived 
from  the  sunlight  the  proteids  are  formed.  Animals  carry  the  process  of 
proteid  manufacture  somewhat  farther.  The  nitrogen  of  the  proteids  is  then 
returned,  through  the  decay  of  waste  products  (urea,  etc.)  and  dead  tissues,  to 
simpler  substances,  and  finally  to  ammonia,  which  is  worked  over  into  nitrates 
by  the  nitrifying  bacteria.  Free  nitrogen  is  brought  into  the  circle  by  the 
nitrogen-fixing  symbiotic  bacteria 

Some  important  forms  of  fermentation  have  no  connection 
witli  living  or<:janisms,  but  are  due  to  special  substances  called 
unor<^anized  ferments,  or  enzymes  (Sec.  10).  Such  a  ferment  is 
diastase,  which  converts  starch  to  sugar. 
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254.  Nitrification.  The  decay  of  proteid  matter  involves, 
first,  the  change  of  the  insolulJle  proteids  into  soluble  substances 
called  pepto7ies,  —  a  similar  process  to  that  of  digestion  in  the 
stomach.  This  liquefaction  is  due  to  the  secretion  of  special 
ferments  by  certain  bacteria.  Then  follow  further  complicated 
changes  until  the  nitrogenous  substances  are  broken  down,  and 
ammonia  (NHg), a  relatively  simple  compound,is  formed,  together 
with  various  organic  acids  and  other  compounds.  Two  forms  of 
bacteria  which  are  abundant  in  almost  all  soils  cooperate  to  trans- 
form the  ammonia  first  into  nitrous  acid,  and  then  into  nitric 
acid,  the  latter  forming  at  once  nitrates ,  or  salts  of  nitric  acid. 
The  nitrates  are  the  chief  source  of  the  nitrogen  supply  of  green 
plants.  Tlie  process  by  which  the  ammonia  of  decay  becomes 
available  through  the  nitrates  for  plant  use  instead  of  passing 
into  the  air  is  called  nitrification, 

255.  The  circulation  of  nitrogen.  There  is  a  circulation  of 
nitrogen  in  nature,  whicli  is  indicated  in  the  diagram  (Fig.  207). 
This  circulation  starts  witli  the  nitrates,  wliich  are  taken  up 
in  solution  by  the  cells  of  green  plants, —  in  the  higher  plants, 
of  course,  through  the  root  system.  Tlie  nitrogen  in  the  nitrates 
is  combined  with  carbon  compounds  obtained  from  the  carbo- 
hydrate food  manufactured  by  the  processes  of  photosynthesis. 
Hydrogen,  oxygen,  sulpliur,  and  often  phosphorus  also  enter 
into  the  resultant  substances,  which  are  proteids.  Tlie  energy 
which  makes  possible  this  building  up  of  the  complex  proteids 
comes  from  the  sunlight,  as  is  indicated  in  the  diagram.  Animals 
are  able  to  carry  the  building-up  processes  somewhat  liigher, 
obtaining  their  energy  from  food  wliich  comes  directly  or  indi- 
rectly from  plants.  Then  the  breaking-down  process  begins 
through  the  decay  of  nitrogenous  waste  products  and  of  dead 
matter,  and  this  is  accomplished  as  described  in  the  previous 
sections  through  the  activities  of  fungi  and  chiefly  the  bacteria. 
Finally,  simple  ammonia  is  produced,  and  this,  by  the  process  of 
nitrification,  enters  into  the  formation  of  nitrates,  and  the  nitro- 
gen is  then  available  again  for  green  plants. 
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256.  The  fixation  of  free  nitrogen.  One  of  the  most  impor- 
taut  relations  of  bacteria  to  agriculture  and  to  plant  life  gener- 
ally lies  in  the  ability  of  some  species  to  put  the  free  nitrogen 
of  the  air  into  chemical  compounds  that  are  available  for  absorp- 
tion by  green  plants  growing  in  barren  soil.  When  crops  are 
taken/  off  the  land  through  a  series  of  years  the  supply  of  nitrates 


Fig.  208.   Tubercles  on  the  roots  of  red  clover 

I,  section  of  asceiuliiig  branches;    b,  enlarged  base  of  stem;   i,  root  tubercles 
containing  bacteria 

is  largely  used  up  and  the  soil  becomes  impoverished  or  ex- 
hausted. Tlie  nitrogen  may  be  brouglit  back  to  such  soil  by 
fertilizers,  but  tliis  is  expensive.  The  restoration  of  nitrogen  to 
barren  land  has  been  one  of  the  most  serious  problems  of  agri- 
culture. There  is  one  of  the  bacteria  {Pscudomonas  radicicola), 
which  lives  on  the  roots  of  members  of  the  legume,  or  pea  fam- 
ily, including  sucli  forms  as  the  clover,  alfalfa,  and  soy  bean,  and 
develops  swollen  regions  called  7'oot  tuhcrclcs  (Fig.  208).  This 
remarkable  organism  is  able  to  take  the  free  nitrogen  from 
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the  air  and  pass  it  through  complicated  chemical  changes  to 
the  clover  and  alfalfa.  Consequently  these  crops  can  be  grown 
on  worn-out  soil  or  in  waste  land  that  is  deficient  in  nitrates. 
Indeed,  soils  may  now  be  inoculated  with  fluid  cultures  of  these 
"  nitrogen-fixing  bacteria,"  so  that  the  organisms  will  immedi- 
ately establish  root  tubercles  on  the  seedlings  of  these  legumes, 
when  sown,  or  the  seeds  themselves  may  be  soaked  in  cul- 
tures insuring  the  application  of  the  bacteria.^  Therefore,  when 
a  soil  becomes  barren  of  nitrogen  through  successive  crops  of 
wheat,  for  example,  tlie  nitrogen  may  be  largely  restored  by 
planting  clover  or  alfalfa  and  plowing  the  crops  under.  Barren 
soil  may  also  be  inoculated  more  certainly  by  distributing  over 
it  earth  from  an  old  clover  field. 

Tlie  "  nitrogen-fixing  bacteria  "  make  available  the  almost  in- 
exhaustible supply  of  free  nitrogen  in  the  air  which  cannot  be 
absorbed  by  green  plants  and  which  consec^uently  has  been  of  no 
service  to  agricidture.  As  indicated  in  the  diagram  (Fig.  207), 
free  nitrogen  is  constantly  being  brouglit  into  the  nitrogeii 
circle  through  the  bacteria  which  form  root  tul)ercles  (symbiotic 
bacteria),  and  this  helps  to  make  up  the  loss  of  nitrogen  from 
the  nitrogen  circle,  which  comes  in  various  ways,  as  by  fire  or 
the  escape  of  ammonia  into  the  air. 

257.  The  germ  diseases.  Tliere  is  a  class  of  contagious,  and 
in  some  cases  very  dangerous,  diseases  caused  by  certain  bacte- 
ria which  are  frequently  called  microbes,  or  germs.  The  most 
serious  are  diphtheria,  typhoid  fever,  tul)ercul()sis  (consumption), 
cholera,  leprosy,  bubonic  plague,  pneumonia,  influenza  or  grippe, 
and  whooping  cough.  Some  other  germ  diseases,  such  as  malaria, 
tropical  dysenterj-,  and  possibly  smallpox,  are  caused  by  lowly 
organisms  which  are  not,  however,  bacteria.  The  germ  diseases 
are  due  to  the  parasitic  development  of  tlie  organism  within  the 

1  See  Moore,  "Soil  Inoculation  for  liepiimes/'  Tnitod  States  Department 
of  Agriculture,  Bureau  of  Plant  Industry,  Bvilctin  71,  liK)5,  and  W(kx1, 
**  Inoculation  of  Soil  with  Nitrogen-Fixing  Bacteria/'  Bulletin  72,  Part  IV, 
1906. 
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human  or  other  host.  They  are  contagious  because  the  germs 
can  be  easily  passed  directly  or  indirectly  in  various  ways  from 
the  ill  person  to  those  around  him. 

The  active  substances  which  aflfect  the  patient  are  known  in 
all  cases  to  be  certain  poisons  called  toxins,  which  are,  for  the 
most  part,  secretions,  less  often  decomposition  products,  accom- 
panying the  growth  of  the  bacteria.  These  poisons  become  dis- 
tributed by  the  blood  and  cause  the  fevers.  The  body  resists 
the  effects  of  the  toxins  to  tlie  best  of  its  ability,  and  in  some 
cases  substances  are  formed  called  antitoxins,  which  neutralize 
the  poisons.  The  injection  into  the  human  body  of  an  antitoxin, 
which  is  obtained  from  the  blood  of  a  horse  infected  with  diph- 
theria, is  the  chief  principle  in  the  "  antitoxin  "  treatment  of  this 
very  serious  disease.  Eecovery  from  a  germ  disease  generally 
renders  tlie  person  safe,  or  immune  from  further  attack  for  a 
long  time,  because  the  body  has  developed  resistant  powers 
to  the  poisons  and  growth  of  that  particular  germ.  The  viru- 
lent poisons  called  ptomaines  are  usually  tlie  result  of  bacterial 
growths  in  foods  that  have  not  been  properly  kept. 

Intlanimation  of  wounds  is  caused  by  germs,  and  the  forma- 
tion of  pus  is  in  large  part  the  gathering  of  white  blood  corpus- 
cles which  feed  on  tlie  germs  as  they  multiply  in  the  infected 
tissues.  The  whole  ])ractice  of  modern  surgery  is  based  on 
absolute  cleanliness  in  the  treatment  of  wounds  to  prevent  the 
entrance  of  bacteria  during  operations. 

There  are  some  serious  bacterial  diseases  of  plants,  as  the 
pear  and  apple  blight,  cucumber  and  melon  wilt,  black  rot  of 
cabbage,  wet  rot  of  potatoes,  and  hyacinth  blight,  and  probably 
peach  yellows  is  also  of  this  class. 

258.  Public  health.  The  matter  of  public  health  and 
hygiene  cidls  for  constant  attention  on  the  part  of  physicians 
and  hcaltli  otbccrs  io  the  possible  sources  of  germ  diseases. 
For  exani]^le,  contaminated  water  and  impure  milk  are  the 
comiUiMiest  means  of  infection  iov  typhoid  fever,  and  epidemics 
of  this  iUscasc   are   fn^iucntly   traced    to   these  sources.    We 
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cannot  emphasize  these  points  better  than  by  studying  the  his- 
tory of  a  typical  typhoid  epidemic,  taking  as  our  illustration 
the  well-known  outbreak  m  1885,  in  Plymouth,  Pennsylvania, 
a  town  of  about  eighty-five  hundred  inhabitants.  Typhoid  fever 
appeared  in  the  spring  with  such  violence  that  from  fifty  to 
two  hundred  cases  developed  daily,  until  about  eleven  hundred 
persons  were  stricken  (about  one  eighth  of  the  population), 
more  than  one  hundred  of  whom  died.  The  disease  appeared 
only  in  persons  who  drank  the  hydrant  water  from  certain 
town  reservoirs,  and  those  who  used  private  wells  escaped.  On 
investigation  the  following  facts  were  established.  During  the 
winter  a  case  of  typhoid  fever,  contracted  in  Philadelphia,  had 
been  cared  for  in  a  house  which  stood  close  to  a  stream  that 
flowed  into  the  town  reservoirs.  During  tlie  illness  intestinal 
discharges  from  the  patient  had  been  tlirown  out  upon  tlie 
snow  within  a  few  feet  of  this  stream.  During  late  March  and 
early  April  the  snow  melted  and  there  were  frequent  rains  that 
washed  the  germ-laden  material  into  tlie  stream,  which  carried 
it  into  the  reservoirs.  The  first  cases  of  typhoid  fever  in  the 
epidemic  appeared  within  two  or  three  weeks  (the  period  of 
incubation  in  typhoid  fever)  after  the  infected  water  liad  lx?en 
distributed  through  the  town.  Thus  tlie  entire  epidemic  was 
due  to  the  carelessness  or  ignorance  of  attendants  who  did  not 
safely  dispose  of  the  germ-filled  wastes  from  a  typhoid  patient. 
The  terrible  outbreaks  of  cholera  are  usually  due  to  infection 
of  water  supplies.  Tlie  germs  of  tuberculosis  are  very  widely 
distributed  by  means  of  the  dried  sputum  of  diseased  persons, 
hence  the  importance  of  rules  against  spitting  in  public  places. 
The  common  diseases  incident  to  the  association  of  children  in 
school,  such  as  diphtheria,  scarlet  fever,  measles,  and  nium])S, 
make  necessary  the  strict  isolation  of  all  cases  until  there  is  no 
possible  danger  of  contagion.  As  the  sources  of  germ  infection 
are  reduced  or  stamped  out,  the  possibilities  of  germ  diseases 
become  at  once  lessened.  Tlie  healthy  human  body  is  wonder- 
fully resistant,  and  the  problem  of  public  health  is  largely  the 
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practical  one  of  combating  germs.  So  important  are  the  bacte- 
ria in  disease  and  hygiene  that  a  science  has  developed,  called 
bacteriology y  with  elaborate  methods  of  its  own  to  which  special- 
ists give  their  entire  attention. 

CLASS  VI.   THE  YEASTS,  OR  SACCHAROMYCETES 

259.  The  yeasts.  The  yeasts  are  much  larger  than  the  bac- 
teria, and  have  a  more  complex  cell  structure,  for  there  is 
present  a  clearly  defined  nucleus.  The  cells  reproduce  in  a 
pecidiar  manner  called  htidding,  and  the  yeasts  are  frequently 
termed  hvddiiig  fungi.  Small  extensions  are  put  forth  from  the 
cells  (Fig.  209,  A),  which,  after  increas- 
ing in  size,  become  cut  oflf  from  the  par- 
ent structure.  The  parent  and  daughter 
cells  frequently  remain  attached  in  short 
chains  or  clusters.  The  relationships  of 
the  yeasts  are  very  obscure,  but  there 
are  reasons  for  believing  them  to  be  de- 
generate conditions  derived  from  some 
ty^xjs  of  higher  fungi  whose  spores  are 

Fig.  209.    Yeast  {Saccha-    ^^'^^'^  ^^  ^^^^^  ^   P^^^   ^^^   yeast-like 

romyces  cerevisice)         forms  when  cultivated  in  sugary  solutions. 

A,  vegetative  cells,  siiow-       Yeasts  are  chiefly  interesting  as  the 

inp:  nietiiod  of  budding ;  agents  of  alcoholic  fermentation  by  which 

Ji,  SIX) re  formation  j-        i       i    • 

sugar  dissolved  in  water  is  changed  into 
alcoliol  and  the  gas  carlK)n  dioxide.  The  alcoholic  nature  of 
wines,  beers,  ales,  and  hard  cider  is  due  to  the  fermentation  of 
grape  juice,  woit,  or  sweet  cider,  all  of  which  contain  sugar,  and 
the  froth  and  bubbles  of  gas  which  escape  from  the  fermenting 
fluid  is  carbon  dioxide.  The  yeasts  are  distributed  very  widely, 
and  they  are  sure  to  be  introduced  by  dust  into  any  sugar  solu- 
tion that  is  not  sealed  up.  Therefore  weak  sugar  solutions  fer- 
ment spontaneously  if  left  exposed,  although  it  is  the  practice 
in  the  manufacture  of  beers  and  some  wdnes  to  use  special  kinds 
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of  yeasts  that  are  cultivated  for  the  purpose.  The  yeasts  that  are 
distributed  indiscriminately  by  the  air  are  called  wild  yeasts,  to 
distinguish  them  from  those  which  are  cultivated  for  the  pur- 
poses of  brewing  and  bread  making.  The  wild  yeasts  some- 
times become  established  in  cheeses  and  other  dairy  products, 
and  also  in  breweries,  where  they  set  up  fermentations  that 
render  the  food  or  drink  unfit  for  use. 

The  raising  of  bread  results  from  the  fermentation  by  yeast 
of  sugar  that  is  present  in  the  dough.^  The  cavities,  or  holes,  in 
the  dough  are  formed  by  bubbles  of  carbon  dioxide  which,  with 
the  small  percentage  of  alcohol  developed,  is  driven  off  in  the 
baking.  Ck)mpressed  yeast  is  made  in  certain  distilleries  from 
cultures  in  large  vats,  whose  yeast  scum  is  removed  and  pressed 
into  the  yeast  cakes  that  are  sold  for  domestic  use. 

CLASS  VII.    THE  ALGA-LIKE  FUNGI,  OR 
PHYCOMYCETES 

260.  The  alga-like  fungi.  Tlie  Phycomycetes  (meaning  alga- 
fungi)  comprise  a  large  number  of  forms  which  resemble  the 
algse  in  their  structure  and  methods  of  reproduction.  Some  of 
them  are  one-celled  and  microscopic,  but  others  are  very  con- 
spicuous mold  forms,  and  certain  types  are  destructive  parasites 
that  cause  some  very  serious  plant  diseases.  The  interesting 
fungus  (Empiisa)  which  kills  the  house  flies,  that  are  frequently 
found  attached  by  their  mouth  parts  to  window  panes  and 
woodwork,  is  in  a  special  group  of  tliis  assemblage.  We  shall 
only  be  able  to  consider  representtitivos  of  the  following  three 
orders  of  this  interesting  class  of  the  fungi:  (1)  the  molds, 
(2)  the  water  molds,  and  (3)  the  blights  and  rots. 

261.  The  molds.  The  molds  (order  Mncoralcs)  form  ver}'  ex- 
tensive and  conspicuous  shining  cobweb-like  growths  (Fig.  210) 
through  and  upon  the  material  of  manure  heaps  and  other 

1  See  the  paper  by  Helen  W.  Atwater,  **  Bread  and  the  Principles  of  Bread 
Making/'  United  States  Department  of  Agriculture,  Farmer's  Bulletin  US, 
1900. 
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masses  of  decaying  matter.    It  is  desirable  that  the  term  mold 
should  be  restricted  to  fungi  of  this  group. 

The  bread  mold  {Bhizopus  nigricans)  illustrates  well  the 
characters  of  the  group.  An  extensive  growth  may  always  be 
obtained  on  bread  by  placing  it  in  air  saturated  with  moisture, 
as  under  a  bell  jar  set  in  a  dish  of  water.  The  vegetative  body 
consists  of  large  branched  filaments  which  generally  appear 


Fig.  210.   The  mycelium  of  a  mold  {Miicor  Mucedo)  developed  from 
a  single  spore 

o,  6,  and  c,  erect  branches  which  are  to  bear  the  sporangia,  showing  three  stages 
of  development.  —  After  Brefeld 

glistening  white  because  they  are  covered  with  minute  drops 
of  moisture.  The  individual  filament  of  a  fungus  is  called  a 
hi/pha  (meaning  a  web),  and  a  mass  of  hyphae  is  termed  a 
myccliuvi.  The  hyphae  of  the  bread  mold  resemble  the  fila- 
ments of  Vaucheria  (Sec.  228)  in  having  no  cross  partitions, 
the  filaments  being  a  single  chamber  from  end  to  end,  and 
consequently  a  cciMiocyte  (Sec.  229).  The  multinucleate  proto- 
plasm forms  a  layer  under  the  wall  of  the  hypha  and  contains 
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minute  globules  of  a  fatty  nature.  Tlie  bread  mold  is  an  excel- 
lent example  of  a  saprophytic  fungus.  The  hyphse  grow  all 
through  the  porous  substance  of  the  moist  bread  and  absorb 
fluids  containing  products  of  the  bread's  incipient  decay.  The 
material  over  which  a  saprophytic  fungus  grows  and  upon 
which  it  lives  is  called  its  substratum. 

The  fructifications  of  the  bread  mold  are  very  characteristia 
Numerous  erect  branches  arise,  several  in  a  group,  from  creeping 
hyphse  that  develop  clusters  of  short,  root-like  filaments  at  these 
points  (Fig.  211).    The  end  of  each  erect  branch  then  gradually 


B'lo.  211.   (irowth  liabit  of  the  bread  mold  {Rhizopus  nlgricarut) 

Sketx'h  showing  two  groups  of  erect  hyphio  l)earing  8i)oraiigia,  with  root-like 
clusters  of  filaments  at  their  bases 

enlarges  and  becomes  separated  from  the  stalk  below  by  a  dome- 
shaped  cross  wall  called  the  columella  (Fig.  212,  yf).  The  ter- 
minal cell  becomes  a  spjre  case,  or  siK)rangium,  and  develops  a 
multitude  of  smoke-colored  spores,  which  make  the  sjxire  cases 
appear  as  black  heads  upon  the  upright  stalks  (Fig.  212,  /i). 
The  spores  are  distributed  by  the  breaking  of  the  sporangium 
wall,  exposing  tlie  dome-shaped  columella  which  remains  at  the 
end  of  the  stalks  after  the  disi)ersal  of  the  spores  (Fig.  212,  D). 
The  molds  have  a  remarkable  method  of  sexual  rei)roducti()n, 
which  is,  however,  rarely  found  in  the  bread  mold  (Rhizopiis), 
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but  is  not  imcommon  in  other  genera,  as  Mucor  and  Sporo- 
dinia.  Two  short  branches  from  the  mycelium  become  applied 
to  one  another,  end  to  end  (Fig.  213,  A),  The  tip  of  each  then 
becomes  cut  off  as  a  sexual  cell,  or  gamete  (Fig.  213,  J5,  (7), 
peculiar  in  having  very  many  nuclei,  and  consequently  called  a 
ccenogamete.  The  two  gametes  finally  fuse,  and  a  large  zygo- 
spore (Fig.  213,  i))  with  heavy  black  walls  is  formed  between 
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Fig.  212.   The  sporangium  of  the  bread  mold  {Rhizopus  nigricans) 

A,  young  sporangium,  showing  dome-shaped  cross  wall  (columella)  shortly  after  its 
formation ;  Ji,  mature  sporangium,  the  columella  being  hidden  by  the  spores; 
C,  diagram  of  a  lengthwise  section  of  a  sporangium  ;  »,  spore  cavity  ;  c,  col- 
umella. J),  columella  after  the  rupturing  of  the  sporangium  wall,  which  was 
attached  along  the  line  a  corresixmding  to  similar  line  in  B;  clusters  of 
spores  still  clinging  to  the  columella 


the  filaments.    It  is  probable  that  the  sexual  nuclei  from  the 
two  gametes  fuse  in  pairs  within  the  zygospore. 

262.  The  water  molds.  The  water  molds  (order  Saprolegni- 
ales)  are  very  remarkable  aquatic  fungi  which  grow  on  the  dead 
bodies  of  insects  when  immersed  in  pond  or  ditch  water  (Fig. 
214,  A).    Certain  species  attack  the  gills  and  mouths  of  young 
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fishes  in  hatcheries  and  may  be  very  destructive.  The  coenocy tic 
hyphae  live  in  the  tissues  of  the  animal,  and  filaments  grow  out 
from  them  freely  into  the  water, 
where  they  develop  the  repro- 
ductive organs. 

Zoospores  are  formed  numer- 
ously in  terminal  club-shaped 
sporangia  and  are  discharged 
into  the  water  (Fig.  214,  C,  D), 
They  are  two-ciliate  and  consti- 
tute the  method  of  rapid  mul- 
tiplication, swimming  about  in 
the  water,  seeking  a  favorable 
substratum  on  which  to  settle 
down. 

The  sexual  organs  are  male 
and  female.  Globular  oogonia 
are  formed  at  the  ends  of  cer- 
tain hyphai,  and  each  develops 
a  number  of  eggs  (Fig.  214,  F), 
The  male  organs  are  delicate 
antheridial  filaments  which 
arise  below  the  oogonia  or  from 
neighboring  hyphae.  These  ap- 
ply themselves  to  the  oogonia 
and  send  delicate  tubes  (con- 
jugation tubes)  into  the  interior, 
which  in  some  forms  are  said 
to  unite  with  the  eggs.  How- 
ever, it  is  known  that  the  antheridial  filaments  in  many  of 
the  water  molds  perform  no  function,  and  indeed  are  not  even 
present  in  some  types.  In  such  cases  the  eggs  mature  into 
oospores  without  fertilization.  The  water  molds  funiisli,  then, 
excellent  illustrations  of  the  degeneration  of  a  sexual  process,  a 
j^enomenon  found  in  other  groups  of  fungi 


Fig.  213.  Formation  of  zyp;o8pore8 
in  a  mold  {Mucor  Mucedo) 

A,  two  hypha;  in  contact,  end  to  end; 
JJ,  the  terminal  ti^Atnetefi ;  (',  later 
sta^e,  the  f^metcB  fuHin^;  />,  a  ripe 
zygospore ;  K,  ^rmination  of  a  zyf(o- 
spore,  the  filament  forming  a  him>- 
rangium  at  once  in  thlH  case.— After 
Brefeld 
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The  suppression  of  a  sexual  act  is  termed  by  botanists  apog- 
amy  (meaning  without  marriage),  or  sometimes  parthenogenesis, 
when  the  egg  itself  develops  without  fertilization.  Apogamy  is 
found  in  many  groups  of  plants, —  in  the  algse  and  fungi,  among 
the  ferns,  and  even  in  the  seed  plants. 


Fig.  214.  A  water  mold  (Saprolegnia  mixta) 

A,  habit  sketch  of  the  mycelium  around  a  fly ;  sporangia  being  formed  at  the  tiixs 
of  the  longest  hypliaj  and  sexual  organs  nearer  the  body  of  the  insect;  7/,  lip 
of  hypha;  C,  terminal  sporangium  filled  with  zoospores;  J),  empty  sporangium 
with  a  group  of  zoiispores  near  the  opening;  K,  empty  sporangium  with  the 
hypha  continuing  its  growth  inside;  F,  Jin  oogonium  containing  many  eggs 
and  with  three  antheridial  filaments  applied  to  it 

263.  The  blights.  The  blights  (order  Peronosporales)  are 
parasitic  fungi  which  cause  some  very  destructive  plant  diseases. 
Some  of  them  are  also  called  "  downy  mildews,"  but  it  would  be 
better  if  tlie  term  mildciv  were  reserved  for  a  peculiar  group  of 
sac  fungi  (Sec.  266).  The  hyphic  form  extensive  growths  in  the 
tissues  of  the  liosts.  The  asexual  fructiKcations  appear  on  the 
surface,  but  the  sexually  formed  oospores  are  developed  within 
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the  host.    The  type  most   available   for  study  is   the   blister 
blight  {Albugo)y  but  the  potato  bUght,  or  rot, 
and  the  grapevine  blight  (downy  mildew)  are, 
for  economic  reasons,  the  most  important  forms 
in  the  group. 

The  blister  blight  Tlie  blister  blight  (Albugo) 
grows  on  the  shepherd's  purse  (Capsella)  and 
not  infrequently  on  the  radish,  appearing  as 
white  blisters  on  the  leaves  and  stems  (Fig.  215). 
The  blisters  are  formed  by  the  asexual  fructifica- 
tions, which  consist  of  masses  of  spores  called 
conidia  that  are  developed  in  chains  from  the  (Albugo  Candida) 
ends  of  hyphae  just  underneath  the  epidermis  Blisters  containing 
(Fig.  216,-4,^).    Conidia  are  air  spores  of  fungi,     conidia  on  the 

,,^.  -  1-1  .,.  ,        stem  of  the  shep- 

—  that  IS,  spores  formed  snigly  or  ni  cliams  at      herd's  purse 
the  ends  of  special  branches  and  scattered  in      {Capsella) 
the  air.    Those  of  Albugo  are  distributed  by  the  wind  after  the 
breaking  of  the  blisters,  and  germinate  in  moisture,  developing 


Fig.  215 
The  blister  blight 


Fio.  216.  Reproductive  organs  of  the  blister  blight  (Albugo  Candida) 

A,  section  throagh  the  edge  of  a  blister  on  a  leaf;  the  air  spores,  or  conidia,  are 
formed  in  chains  under  the  epidermis  from  the  swollen  tips  of  fungal  filaments 
growing  between  the  cells  of  the  leaf ;  B,  tips  of  two  filaments,  showing  devel- 
opment of  the  conidia  serially;  C,  a  filament  showing  sucker-like  structures 
(haastoria)  which  enter  the  cells  of  the  host ;  />,  the  sexual  organs ;  the  male 
cell,  or  antheridinm,  a,  has  just  discharged  its  nucleus  through  a  beak-like 
into  the  single  egg  within  the  oogonium 
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several  two-ciliate  zoospores.  If  the  conidiiim  has  germinated 
on  the  proper  host  after  a  ram  or  heavy  dew,  the  zoospores 
swim  over  the  moist  surface,  and  finally  coming  to  rest  they 
put  forth  delicate  germ  tubes  that  enter 
the  host  through  one  of  the  breathing 
pores  or  stomata.  The  sexual  organs  are 
generally  found  in  portions  of  the  leaves 
and  stems  which  become  much  swollen 
and  colored  reddish  or  purplish.  The  large 
oogonium  forms  a  single  egg  and  is  a(>- 
companied  by  a  single  antheridial  filament 
which  develops  from  the  hypha  below 
(Fig.  216,  2>).  Tlie  antheridial  filament 
puts  forth  a  tube-like  process  which  en- 
ters the  oogonium  and  discharges  one  or 
more  nuclei  into  the  egg,  fertilizing  it. 
The  fertilized  egg  develops  heavy  walls, 
becoming  an  oospore,  which  rests  during 
the  winter,  and  on  germinating  in  the 
spring  produces  a  large  number  of  zoo- 
spores that  infect  new  hosts. 

The  potato  Might,  or  rot.  The  potato 
blight  {Phytoplithora  infcstans)  has  a  dif- 
ferent type  of  conidial  fructification  from 
Albugo.  The  hyphte  emerge  from  the 
leaves  through  the  stomata  (Fig.  217,  A), 
and  conidia  are  formed  freely  in  the  air 
in  immense  quantities.  These  air  spores 
are  distributed  by  the  wind,  and  germi- 
nating in  moisture  develop  zoospores  (Fig. 
217,  B),  which  infect  new  hosts,  as  in 
Albugo.  Cloudy,  wet,  and  windy  seasons 
are  naturally  especially  favorable  to  the  spread  of  the  potato 
blight.  The  green  parts  of  a  blighted  potato  plant  wither,  and 
the  potatoes  either  cannot  be  formed,  or  rot  in  the  ground.    The 


Fig.  217.  Conidial  fruc- 
tification of  the  potato 
blight  (Phytophthora 
infestans) 

A,  the  air  spores  (conidia) 
formed  on  long  fila- 
ments which  grow  out 
from  the  interior  of  the 
potato  leaf  through  the 
stomata;  //,  the  devel- 
opment of  zoospores  in 
a  (!onidium;  a  single 
zoiispore  is  shown  at  the 
right.  —  After  Schenck 
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disease  is  carried  over  from  one  year  to  the  next  in  diseased 
potatoes  that  are  planted.  The  potato  blight  came  originally 
from  South  America  (perhaps  Peru)  and  first  appeared  in  Europe 
in  1845,  probably  introduced  from  North  America.  The  disease 
spread  very  rapidly,  causing  local  famines  in  various  countries, 
notably  in  Ireland.  It  is  now,  however,  largely  held  in  check 
by  spraying  the  plants  with  Bordeaux  mixture,  which  contains 
copper  and  is  poisonous  to  the  fungus. 

Tlie  grapeviiu  hlighty  or  downy  mildew.  This  genus  (Plus- 
mopara)  develops  conidia  on  hyphic  outside  of  the  host  plant, 
as  in  the  potato  blight,  but  they  germmate  by  tubes  instead  of 
forming  zoospores.  The  disease  had  its  origin  in  America,  but 
our  vines  are  not  generally  very  seriously  injured  by  it.  How- 
ever, when  it  was  accidentally  introduced  into  Europe  it  proved 
a  terrible  menace  to  the  vine-growing  industries  there.  The 
European  varieties  of  giapes  are  largely  grafted  upon  American 
rootstocks  because  the  latter  resist  the  attacks  of  a  very  destruc- 
tive insect  pest  called  PJnjlloxcra.  But  the  American  grapevine 
blight  was  for  a  time  more  injurious  than  the  insect,  until  means 
were  discovered  of  keeping  it  in  check  by  spraying  the  vines 
with  Bordeaux  mixture. 

The  interesting  genus  Pf/thmm,  which  causes  the  "  damping 
off  "  of  seedlings,  and  is  sometimes  very  destructive  in  green- 
houses, is  related  to  the  blights. 

264.  Summary  of  the  alga-like  fungi.  The  chief  points  of 
resemblance  of  the  Phycomycetcs  to  certain  algie  lie  in  the 
coenocytic  structure  of  the  fungal  filaments  and  the  develoj)- 
ment  of  zoospores  in  terminal  sporangia.  The  sexual  organs  are 
likewise  similar  to  those  of  algic  in  that  they  are  develo^Kid 
terminally,  but  there  are  important  modifications  because  motile 
sperms  are  not  generally  formed.  However,  motile  sj)erms  are 
known  for  one  tyi>e  {Afonohlcpharis).  The  conidia  are  plainly 
modified  sporangia,  which  become  detached  from  the  parent  fila- 
ments and  are  distributed  as  si>ecial  reproductive  spores.  The 
algae  which  most  resemble  the  larger  tilanientous  Phycomycetcs 
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are  such  forms  as  Vaucheria  (Sec.  228),  and  other  types  of 
the  SiphonaleSy  and  some  authors  believe  that  the  molds,  water 
molds,  and  blights  have  been  derived  from  that  general  region 
of  the  algae. 


CLASS  VIII.    THE  SAC  FUNGI,  OR  ASCOMYCETES 

265.  The  sac  fungi.  The  sac  fungi  are  distinguished  by  a 
peculiar  type  of  reproduction,  through  spores  which  are  devel- 
oped, generally  eight  in  number,  in  a  special  unicellular  organ 
called  an  ascris  (plural,  asci)^  which  means 
a  sac.  The  asci  are  produced  sometimes 
in  ver}'  great  numbers  in  a  fructification 
termed  an  ascocarpy  or  sac  fruit,  which  is 
a  structure  of  imp<>rtance.  Tlie  filaments, 
or  hyphaj,  of  the  sac  fungi  are  divided  by 
cross  walls  into  cells,  and  are  never  long 
ccenocytes,  as  in  the  alga-like  fungi  (Phi/- 
comf/cefcs).  The  Ascomycctes  is  one  of  the 
two  largest  groui)S  of  the  fungi,  comprising 
more  than  fifteen  tliousand  sj^ecies.  We 
can  only  descri])e  a  few  forms  from  the 
following  groups  :  (1)  the  mildews,  (2)  the 
cup  fungi,  and  (3)  the  knot  and  w^art  fungi. 
266.  The  mildews.  The  true  mildews 
(order  Perisporialcs)  are  a  very  clearly  de- 
fined group  of  fungi,  and  it  is  desirable 
that  11  le  term  mildew  be  restricted  to 
Tliey  are   mostly  external  parasites,  very  common  on 


Fig.  218.  Sao  fruits  (as- 
cocarps)  of  the  lilac 
mildew  {Microsphara 
Alni)  on  tlie  lower  sur- 
face of  a  lilac  leaf 


them. 


the  leaves  of  many  seed  plants,  such  as  wheat,  lilac,  Virginia 
cree])er,  grap(\s,  verl)ena,  cherry,  oak,  willow,  etc.  The  hyphte 
form  a  col)wel>-like  growtli  (mycelium)  over  the  leaves,  and  put 
forth  suekei'-like  ])r()cesses  called  haustoria,  which  enter  the 
epidermal  cells  of  the  host.  There  is  a  method  of  rapid  multi- 
plication (luring  the  summer  months  by  air  spores,  or  conidia. 
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which  are  formed  in  chains  from  the  ends  of  erect  hyphae  (Fig. 
219,-4)  and  give  the  leaves  a  powdery  appearance.  But  the 
most  important  fructifications  are  the  sac  fruits  (ascocarps), 
which  appear  later  in  the  seasou  as  black  dots  on  the  leaves. 
They  can  be  most  conveniently  studied  in  the  lilac  mildew. 

The  lilac  mildew.   This  type  {Microsphcera  Alni)  forms  white 
blotches  on  the  leaves  of  the  lilac,  especially  over  somewhat 


Fio.  210.   Reproductive  organs  of  tlie  mildews 

At  B,  the  lilac  mildew  (MicroaphtBra  Alni):  A,  a  chain  of  air  siwroa  (conidia) 
formed  from  the  tip  of  an  erect  filament;  li,  a  sac  fruit  (a8<*(H'arp)  cracked 
open,  with  two  si)ore  Hac8  (a.Hci)  protruding,  one  of  the  appendages  shown 
in  detail.  (\  J)  (Podoaplnrra) :  C,  the  sexual  organs,  —  a  the  antheridium,  b 
the  female  j^amete  or  ascoj^onium ;  I),  the  development  of  the  cellular  envel- 
ope of  the  sac  fruit  around  the  fertilized  female  gamete.  —  C,  J),  after  Harper 

shaded  portions  of  the  plant.  The  sac  fruits  are  found  in  the 
autumn  as  black  globular  bodies  made  up  of  filaments  so  closely 
united  that  they  form  a  cellular  mass  (Fig.  219,  7?),  in  the 
interior  of  which  are  developed  the  spore  sacs  (asoi).  The  sac 
fruit  of  Micro8pha:ra  has  several  radiating  apiKMidages  with 
peculiar  tips.  It  is  develop(Ml  as  the  result  of  a  sexual  process 
Involving  the  fusion  of  two  sexual  cells,  or  gametes  (Fig.  219,  C), 
The  asci  are  formed  at  the  ends  of  hyphie  that  arise  from  the 
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fertilized  female  cell,  wliile  the  waU  of  the  ascocarp  is  formed 
from  neighboring  filaments  (Fig.  219,  2>).  The  ascocarp  thus 
resembles  in  its  development  the  sexually  formed  fructification 
(cystocarp)  of  certain  red  alga3  such  as  Polysiplionia  (Sec.  245). 
The  ascocarp,  like  the  cystocarp,  is  a  system  of  two  tissues,  one 
derived  from  the  fertilized  female  gamete  (called  an  ascogonium) 
and  the  other  from  the  vegetative  cells  of  the  parent  plant. 
The  phase  in  the  life  history  beginning  with  the  fertilized  asco- 
gonium and  ending  with  the  production  of  ascospores  is  an 
asexual  or  sporophyte  generation  alternating  with  the  sexual 

generation  or  gametophyte,  as  in  the 
red  alga3  (Sec.  246).  The  wall  of  the 
sac  fruit  is  clearly  a  protective  struc- 
ture for  the  sacs,  each  of  which  gen- 
erally develops  six  spores  in  the  lilac 
mildew,  although  eight  nuclei  are 
present  in  the  sac. 

The  green  and.  yellow  mildews. 
These  are  very  common  saprophytes 
on  bread,  cheese,  shoes,  clothing,  and 
other  substances  that  mildew  or 
"mold"  in  dampness.  They  are 
easily  distinguished  by  their  colors 
and  the  structure  of  the  conidial 
fructifications.  The  green  mildew  is 
PcniviUium  {Vvj^.  220,  A),  which  is  believed  to  give  the  peculiar 
Havor  to  IJcxjuefort  cheese.  The  yellow  mildew  is  Aspergilbts 
(Fig.  220,  />).  Their  ascocarps  are  rather  uncommon,  especiaUy 
those  of  Pcnii'illivjii.  y 

267.  The  cup  fungi.  Most  of  the  conspicuous  forms  in  this 
very  large  assemblage  belong  to  the  order  Pezizales,  The  sac 
fruits  are  saucer-,  (ni}>-,  or  funnel-shaped  (Fig.  221, -4,  B)^  fre- 
quently colored  yellow,  orange,  red,  brown,  or  bluish,  and  in  some 
forms  are  three  oi'  more  inches  in  diameter.  The  cup  fmigi  are* 
almost  all  saprophytes,  and  are  found  on  rotten  logs  and  earth  in 


Fig.  220.  Green  and  yellow 
mildews 
Ay  the  preen  mildew  {Pcnicil- 
lium);   Ji,  the  yellow  mildew 
{Asperf/lllus) 
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damp  woods,  farming  very  Fmking  and  l»eauiiful  p\>wths.«  The 
chief  peculiarity  of  the  astx»car}>s  is  the  fau  that  the  entire 
inner  surface  of  the  euj»  is  a  fruiting  surface,  consisting  of  im- 
mense numbers  of  asci,  arranged  upright  and  all  }>anUlel  with 
one  another,  among  delicate  si-erile  filaments  (Fig.  221,  C).    The 


Fk;.  221.    Cup  fnnj,'i 

A,  Laekmea,  a  saiall  hairy  form  fr»9r|ij^itly  t(rowirij(  on  wfr^ftl ,  //.  /'///>//,  ;i  bfif^ 
form  gnmiBi;  on  earth:  ^',  tiffiifm  ihronah  th*-,  1rnit\ui(  nnr1fi/f  ttl  n  f'ftir^t 
tjrpe,  riMmiii^  auwi  in  rari/rfi^  •%s^%*r%  ot  ')f.*/'Uiptft*iUf.  Hrnf^i'/  /l/-h/-5f>A  nf^tw^ 

asci  are  iboa  exp^**^*^!,  irnfi^yl'I^I  iri  ;^  fruitir.:/  ^ipf;!/''''.  ;»r,/l  ;ir'^ 
not  inclMed  in  a  '^3W«>,  ^.^  in  th^  rriiM<^-^^. 

The  sac  fmitA  oi  ^omf.  ''•np  f'jr.'i^;   ''n^'/.i^M/   /y^^/^-^^/'A^/,  ;»r^ 

known  to  fce  <fcv'>l<'ip#*d  ;»,^  r.h«>  r'=^n It  '•.f  ;*  *#^/-.h,  pr<V'>^^«.  vjn 

gTTMip  ^  the  fiino:.  ^h  in  rh»*  r^f>»r  nv'»i<*!-'    ^''^''  /^-V-r 

to  tber  ^np^  ftiiuri.    .\m«",n*i" '''^**Tn  .»j  "h**  >"*••'    }f,v*»i%^i,,t'    vn/^h 
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The  fniitiDg  surface  of  the  ascocarps  is 
srnnetimes  very  extensive,  and  is  tlirown 
up  iiit^i  irregular  lobes  and  ridges. 

268.  The  knot  and  wart  fungi.  This 
large  group  contains  forms  with  peculiar 
hard  black  or  brown  wart  and  sfcab-like 
fructifications,  which  are  found  on  the  bark 
of  trees.  Most  of  the  species  are  sapro- 
phytic, but  some,  as  the 
))lack  knot  (Fig.  223),  on 
the  plum  and  cherry,  are 
very  destructive  parasites. 
Tlie  outer  parts  of  the  sac 
fruits  contain  immense 

'Vin,  222.   Tlio    mon)!  i  r  n  'x- 

,,,     ....  ,,    numbers  of  small  cavities 

{MorcheUa)y  an  (mU- 

l)lo  Mac  fiiiiKUH  (perithecia)  that  are  lined 

Tho  ronvoiutiMi  upp^r  ^^ith  asci.    Very  little  is 

portion  Im  an  ox\mHv.i\   known  of  the  development 

fruiting  Hurfat'o  r         i  ^  p     -, 

of  sucli  complex  sac  fruits, 

but  it  is  i)r()bal>lo  tliat  many  of  tlie.se  fungi 
are  Mi»xually  de^jjcnerate,  as  are  some  of  the 
('U|>  fungi.  A\t/I(( r iff,  w'lih  its  hirge  linger-like 
fructilications,  In'longs  to  this  group. 

269.  Other  sac  fungi.    Scn cral  exceptional 
sac  fungi  deserve  special  mention. 

h'njot,  Mrgot  grains  (Fig.  224,  A)  aiv  hard  ^^^  ^^  ^he  black 
bla«'k  struct uiH's  fouml  in  heads  of  barley, 
vu\  wlu^at.  ami  certain  gnij^ses,  notably  the 
\\\M  vuw  Thev  are  really  llie  mummitied 
and  distorted  ovaries,  or  grains  wlioso  tis- 
Mucs  ha\e  bcvonie  tilled  and  destroyed  by 
the  nwcchuiu  of  the  fungus  {Chrritrps).  Tlie 
ou^ot  u^picM'ut^  a  sort  of  resting  stagi*  in 
tho  bit^  lr.s(»M\  v^f  ilu*  fundus,  and  from  it  are  develojieil  in  the 
j»j\vn\>;  jnnpljNh  stalks  K-arin^^^  tlie  sac  fruii.^  (Fig.  224,  B), 


knot  {Ploicrightia) 
on  a  branch  of  the 
cherry 

The  branches  become 
distorted,-  and  lon^ 
cracks  are  fonue<l. 
greatly  impairing 
the  strength  of  the 
trees 


rjTHsa.  -i^ii:  JTT'iT 
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mc  ic-^  r.*  L-^ 


gi'^D  '  f  P-erLj  : :.  ir.   .»r:.:r^  Fr.-.:::»r, 

and  ii  the  zl-  <  i  r>oi  .  i  jIL  :hr  c*i:- 

ble  f ■-in^rL     I'   -^  ''V?  u::l-r  ^-vnain 

kinds  •:-!  ♦ntk  tr*.n:s.  an-i  is  i*'\ivA  by 

d'l^rs  and  s\vin»^  i!iat  arv  tnunol  to 

discuver  it:?  h  «.atk»n.  and  which  dfleot 

the  fiintais  by  a  charactiTisiio  ikIof. 

Tlie  ass<xiati«.»n  uf  the  niycvliuni  of 

the  tnittie  with  the  riM.»ts  of 

the  oak  tree  is  an  excellent 
Fio  224.  The  ergot    ^^^^^^^^^   ^^j  ^^,j^^^^    -^   ^.^^j,^,j 

a  mvcoriiiiza,  and  is   dis- 

.1,  ergot  grains  on  a  -      . 

head  of  barley;  7/,  CUSSed  ill  Si»C.  278. 
small  sac  fruits  (as-         y/^^  ^  ^^^  y^,,^    •  ^,^^^^  ^.^^/^,  Fro.  22f> 

cocarps)  developing  i       j       j 

from  an  ergot  grain.  The  SlK)t  diseases  of  plants   ('Jitorpilliir    fmigiiM 
—  lis  after  Tulasno  i  i  i  iCortlyrvuH)  gniw- 

'  are  numerous,  and  inostlv      ;        ^/    ,    ., 

'  •         nig     n\it     of     Iho 

upon  the  leaves  and  fruit.    Many  of  them  are      lurvji  ..f  (in-  May 
caused  by  sac  funj^i,  as  the  strawberrydeaf  spot     l»«'«*tl«',  wlii.ii  Ilvrs 
(SpJi€crella),  black  spots  on  grass(»s  and  clover     ""'  «'i«i«»ihm 
(Phi/llachora)  resembling  rust  sjxits,  tar  spots  on  willow  mid 
maple  (Bhytisma),  and  the  apple  scali  (^VciUur'ui).    Some  of  thi? 
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most  destructive  rots  are  sac  fungi,  though  frequently  caused 
by  some  kmd  of  conidial  fructification  rather  than  by  the  sac 
fruit.  Among  them  are  the  bitter  rot  of  apples  (Glomerella), 
browri  rot  of  peaches  and  plums  (Sclerotinia),  and  plum  pockets 
(Uxoascics). 

270.  The  imperfect  fungi.  Some  other  spot  diseases  and  rots 
are  caused  by  fungi  which  are  known  only  through  conidial 
or  other  types  of  asexual  fructification.  More  species  of  these 
forms  have  been  described  than  of  all  the  sac  fungi  together, 
and  they  are  assembled  in  a  group  called  the  Fungi  imperfccti. 
Some  of  them  are  very  important  economically,  causing  such 
diseases  as  the  potato  scab  {O'dspora),  tar  spots  (anthracnose)  on 
beans  (Colletotriclmm)y  black  rot  of  tomato  (Afacrosporium),  and 
black  rot  of  apples  (Sphccropsis),  Most  of  the  imperfect  fungi, 
however,  are  saprophytes,  and  play  an  important  part  with 
other  saprophytic  fungi  in  bringing  about  the  decay  of  vege- 
table debris. 

271.  The  lichens.  The  licliens  deserve  special  consideration 
as  a  very  remarkable  gi'oup.  They  are  not  single  plants,  but 
composite  organisms  made  up  of  algie  which  are  contained  in 
an  enveloping  mesh  of  fungal  filaments.  The  algal  cells  show- 
ing through  the  fungal  layers  frequently  give  the  lichen  a 
greenisli  color,  but  otlier  pigments  may  be  present,  and  some 
lichens  liave  brilliant  yellow,  orange,  brownish,  and  reddish 
tints.  Lichens  have  a  gi'eat  variety  of  forms.  Some  grow  closely 
pressed  against  rocks  and  tree  trunks  (crustaceous, 'Plate  Y,  A), 
some  are  leai-Vike  (folwse,  Fig.  226),  and  some  are  much  branched 
{fruticosCy  Fig.  227). 

The  fructification  of  a  lichen  is  most  commonly  a  saucer- 
or  cui>-shaped  structure.  Tlie  inner  surface  is  a  fruiting  layer 
(Plate  V,  7>),  and  contains  numerous  eight-spored  sacs,  or  asci 
(Plate  V,  />),  showing  clearly  that  the  fungi  concerned  in  the 
lichen  are  sac  fungi,  or  Ascomycefcs.  The  fructifications  are 
therefore  sac  fruits,  or  ascocarps,  and  these  are  known  in  some 
forms  to  develop  as  the  result  of  a  sexual  process.    Most  of  the 


Platk  V.    A  Coininon  Tree  Lichen  {Vhiiaria  stflldrlH) 

A,  habit  skctfrh  ;  H,  tVuifzr.im  of  a  soctirm  tlinm^h  a  sac  fruit  (as4'ocjirp),  s!n»\vlmf 
the  fruiting  8iirf}K'(«  and  layer  of  al;;;il  cells:  <',  sccti<»ri  sliowiii;;  a  ;;roii|.  of 
a\iia\  CitWs  (PI fumrorr us),  hcM  in  tlic  network  of  finical  filann-nts;  /f,si'\'\nu 
of  the  fraitinK  surface,  Hhowin;:  sacs  (asci)  in  sta;;cH  of  ilcvdopnicnt  jimofij^ 
the  sterile  fflanientn  /parapliysi's) 
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lichens  have  sac  fruits  closely  resembling  those  of  the  cup 
fungi  There  is  one  small  group  of  tropical  lichens  whose 
fungal  portions  are  basidia  fungi,  or  Basidiomi/cdcs,  and  not 
Ascomycetes. 

The  algal  portions  of  a  lichen  may  be  scattered,  but  in  some 
types  they  are  arranged  in  definite  layers.  The  kinds  of  algie 
differ  in  various  lichens.  Some  of  them  are  unicellular  green 
forms,  evidently  of  the  genus  Plctcrococctis  (Plate  V,  C).  Most 
of  the  species  belong  to  the  blue-green  algiv,  one-celled  forms 
being  commonest,  though  some  complicated  filam4Jntous  tyjKJS, 
such  as  NostoCy  are  found  in  certain  lichens.  One  curious  lichen, 
which  grows  on  the  leaves  of  the  coffee  plant,  contains  a  sjHicies 
of  Coleocli(€te  (Sec.  222). 

The  development  of  the  present  clear  understanding  of  the 
composite,  or  fungal  and  algal,  nature  of  lichens  makes  one  of 
the  most  interesting  chapters  in  the  history  of  botanical  science. 
First  came  the  recognition  of  the  colorless  portion  of  tlui  lichen 
as  fungal  and  the  colored  elements  as  algal  in  diameter,  llien 
these  portions  were  separated  and  cultivated  independently  of 
one  another,  which  proved  that  they  remained  resiKictivcjly  alga? 
and  fmigi ;  for  example,  the  lichen  sjK^re  never  develoiKid  into 
algal  cells,  but  only  into  fungal  filaments.  Finally,  licln^ns  were 
created  by  bringing  germinating  siK>res  in  contact  witli  wild 
algae  of  a  suitable  kind,  and  these  lichens  have  in  some  caw^s 
lived  for  many  months,  finally  (h^veloping  typiail  lichen  mti 
fruits  (ascocar[>s),  thus  completing  the  life  liistory. 

The  lichens  are  jiiTliaps  chiefly  interesting  for  the  relations 
which  the  alg*  and  fungi  liear  to  one  another.  Wlien  two 
organisms  live  in  intimate  pliysiohigif^il  as.«4^K;iation,  hh  that 
both  receive  s^nne  Ixfuefit  from  the  iiartnersliip,  the  i'j)iu\\X\(fU 
is  called  symhwsiJf  (m(fiiu'ui*j  a  living  Urfi**xhf*r).  The  myorrhi^a 
relationship  (Sec.  27X;  is  an  excelh-nt  illu'^tnition  of  t^yin] /uaIh. 
It  is  not  easy  to  analyze  critically  th'?  n'Iation-hij/«  Udw^f^^n 
the  algse  and  fungi  in  a  lichen  a.-5.vy:iiition,  Ijut  atmiH  j^/intH 
seem  dear. 
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First.  The  fungi  are  absolutely  dependent  upon  the  algse  for 
their  organic  food  (such  as  the  carbohydrates),  wliich,  of  course, 
the  algae  are  able  to  manufacture  in  the  manner  characteristic 
of  green  plants  (photosynthesis).  The  relation  of  the  fungus  to 
the  alga  is  then  in  all  essentials  that  of  a  parasite  to  its  host. 

Second,  The  algae  receive  a  certain 
sort  of  protection  in  the  lichen  thallus. 
Thus  they  have  fixed  positions  on  ex- 
posed rocks,  cliffs,  trees,  and  other 
objects  where  they  could  hardly  grow 
otherwise,  or  at  least  not  in  the  same 
luxuriance.  The  substance  of  the  lichen 
also  retains  moisture,  so  that  the  algal 
cells  are  not  so  subject  to  drought. 

It  is  well  known  that  many  of  the 
lowly  algae  would  grow  in  situations 
frequented  by  lichens  if  left  alone,  and 
it  is  evident  that  the  lichens  arise  be- 
cause fungus  spores  fall  among  the  algtv, 
and  germinating  produce  hyphiu  which 
live  parasitically  upon  them  as  hosts. 
The  alg<e  are  then,  in  a  sense,  slaves  of 
the  fungi.  They  are  not  killed,  for  that 
would  be  of  no  advantage  to  the  fungus, 
which  requires  them  to  manufacture 
its  organic  foods.  The  term  slavery  perhaps  best  expresses  the 
relation  of  the  algiii  to  the  fungi  in  the  lichens. 

Life  habits  of  the  lichens.  Lichens  are  found  on  rocks,  cliffs, 
brandies  and  trunks  of  trees,  and  on  the  ground,  when  the  latter 
cannot  support  green  vegetation,  either  because  it  is  too  bar- 
ren, or  is  exposed  to  unfavoral)le  climatic  conditions.  They  are 
most  luxuriant  in  teni])erate  and  sub-arctic  regions,  especially 
where  there  is  much  rain.  They  form  the  bulk  of  the  vegeta- 
tion on  the  tops  of  mountains  and  in  the  arctics,  where  grass 
and  other  alpine  seed  plants  cannot  grow.    They  are  abundant 


Fig.  220.   A  leaf-like,  or  fo- 
Hose,  lichen  {Cetraria) 

s,  sac  fruits 
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along  storm-fiwept  aeaeo&s^.  S.-ii**-  f  iriL^r  hiUzihUj  ryjv^  brge 
areas,  as  the  rdndaer  jwim  ^r.'j^'j»i\,i  ''  n^j^unh/j.  Fij.  227.  -4;, 
which  in  extreme  n^jftiierii  :-..i-.iLirjt;^  furL-.-iir?i  aii  izny/itbiA 
source  of  food  for  herl»:v  ..r  ^ur  t:  '^fc>.  c^  \irz  r^liA^iffr.  Siijoe 
the  lichens  are  the  fir?t  j-lai-i*  :•.•  ^r.-ar  .c  ri>>r^:  r'x-i>,  they 
form  there  the  first  5».»iL  iu\:\^i^l  t*":!  W:^-/^!  v*r::-Aa:  1*:  ihsaiUiv 
(humus),  which  may  fiimisL  a  f  •xLvl-:  f  i  lL'^jki  ylhuVt.  such  as 
the  mosses  and  gras^ies. 
that  are  constantly  try- 
ing to  establish  them- 
selves in  the  territorj-  tA 
the  lichens. 

Som€  uses  of  IkJuns. 
Some  lichens  (Il^j^olbtf 
yield  beautiful  puqJe, 
blue,  and  crimson  dyes 
called  orchil  and  cud- 
bear, much  used  in 
former  centuries  in 
Italy,  and  later  in  other 
parts  of  Kun>i>e.  ( )rehil 
when  i)repare<l  witli 
soda  or  potash  yit4ds 
the  dye  litmus,  em- 
ployed in  the  manufac- 
ture of  litmus  paper. 
Other  lichens,  as  Icehuid  moss  {Cetrarin),  are  ground  up  and 
mixed  with  wliwit  and  made  into  cakes. 

272.  Summary  of  the  sac  fungi.  Tlu^  most  remarkable  fea- 
ture of  the  life  history  of  the  Ascomi/rcfrs  is  the  iH)sition  of  the 
ascocarj)  as  a  sinirophytic  phase  following  the  sexual  process 
and  alternating  with  sexual  plants,  or  gametophytes.  Tlu^  asco- 
carp  holds  a  place  in  the  life  history  similar  to  tliat  of  the*, 
cystocarj)  in  the  red  algic  (Sec.  24(5).  There  are  numerous  ly|H»s 
of  asexual  spores  (such  as  conidia)  in  the  AncomyvdcH,  which 


Fig.  227.   S^jiuc  hnuifhiiii:,  or  fnitio.st*, 
li«.lu-ns 

-1,  the  reindeer  moss  if'ln*hntia  ninf/i/i-rimi) ; 
Jit  Cltif Ionia  c^/rnuf.ttpi'fiil*  x :  C,  I  sm  a  lmr{}ata ; 
$t  sac  fruits 
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cannot  be  described  here  but  greatly  complicate  the  classification 
of  the  forms.  Some  authors  believe  that  the  sac  fungi  hold  rela- 
tions to  the  red  alg?e,  and,  indeed,  have  been  derived  from  them. 

CLASS  IX.    THE  BASIDIA  FUNGI,  OR 
BASIDIOMYCETES 

273.  The  basidia  fungi.  The  Basidiomycetes  come  next  to  the 
Ascomi/cetes  in  number  of  known  species,  which  is  about  fourteen 
thousand.  The  group  takes  its  name  from  a  peculiar  type  of 
reproductive  organ  called  a  hasidium  (meaning  a  small  pedestal). 
The  basidium  (Fig.  238)  is  a  somewhat  swollen  terminal  cell 
of  a  filament,  or  hypha,  from  which  are  developed  a  group  of 
four  spores  on  delicate  stalks  called  sterigmata.  The  hyphse  of 
the  basidia  fungi  are  divided  into  cells,  as  in  the  sac  fungL 

The  basidium  is  a  very  characteristic  structure  of  the  higher 
forms  of  the  Basidiomycctes,  However,  there  are  some  types,  as 
the  smuts  and  rusts,  in  which  the  basidium  is  represented  by  a 
peculiar  phase  in  the  life  liistory  (the  pro  mycelium),  which  does 
not  at  first  thought  seem  to  resemble  the  basidium.  These 
points  can  only  be  made  clear  after  a  study  of  representative 
types,  and  they  will  be  referred  to  later  in  the  summary  of  the 
basidia  fungi  (Sec.  279).  This  peculiarity  is  the  basis  of  a  classi- 
fication of  the  basidia  fungi  into  two  series:  (1)  the  I\otohasid- 
iomycetes,  which  are  preliminary  to  (2)  the  EnhasidiomyceteSy 
or  typical  basidia  fungi.  The  representatives  that  can  be  con- 
sidered here  will  accordingly  be  grouped  as  follows : 

Series  I.    Tlie  simpler  basidia  fungi,  or  ProtolHUiidiomycetes. 

1.  The  sinuis,  or  Ustllnf/inales. 

2.  The  rusts,  or  Urnlinalrs. 

Series  II.  The  tyi>ical  hasidia  fungi,  or  Euhdsidiomycetes. 

3.  Tlie  coral  fungi,  the  ]x)re  fungi, the  tooth  fungi,  the  gill  fungi, col- 

lectively called  Ilipiienowycetes^  and  divided  into  several  orders. 

4.  The  pufn)alls,  the  earth  stars,  the  nest  fungi,  the  carrion  fungi, 

collectively  called  Gastromycetes,  and  divided  into  several  orders. 


THE  SMITS  a.'i? 

Series  L  The  Simpler  Basidia  Frxr.i,  ok 
Protobjsidwm  ycetes 

274.  The  smuts.  The  smuts  (onler  Cst  Hasina  Us)  «n*  j^^ra- 
sites  which  have  the  peculiar  habit  of  attacking  the  floral  jmrti»» 
and  especially  the  ovaries,  of  various  niemWrs  of  the  pmss 
family.  The  hyphae  fill  these  jvarts  with  a  densi*  luyceliunu 
destroying  the  tissue  of  the  host.  Finally,  most  of  the  cells  in 
the  mycelium  take  on  heavy  walls  and  l>ecome 
resting  cells,  or  winter  siH»res,  wliicli  form  the 
black  powdery  mass  so  cliaracteristic  of  the 
smut  fructification.  These  resting  cells  sur- 
vive the  winter  and  germinate  in  the  spring. 
Each  cell  then  puts  forth  a  short  fihiment 
called  the  promycelium  (Fig.  228,  A),  upon 
which  are  developed  a  number  of  small  spring 
spoi*es  called  sporulia,  and  these  in  some  cases 
germinate  ufMrn  the  sprouting  host  plants,  as  y^^^  228.  I^iomycc- 
in  oats,  putting  forth  filaments  that  enter  the  liinn  of  tho  com 
host  and  develop  a  mycelium  within,  which  ""'"^  (Vntllauo 
may  not  be  noticed  until  the  fructiiications 
appear  m  the  floral  organs.  It  is  important  (H|M)ridia)HttmiMMi; 
to  note  that  the  si)()ri(lia  multiply  rapidlv  by  '^  '♦P''*"«  •«I'*'»*"»* 
buddmg  (r  ig.  228,  /;),  esi)ecially  under  favor-  (. « 11  h.  -  a  f  t «  r 
able  conditions,  as  in  heavily  manured  soils,  Hn'fi-ia 
and  these  buds,  or  conidia^  will  infec-t  like  the  sporidia.  Tbrsci 
habits  of  budding  led  to  the  theory  that  the  yeasts  liav(?  Inien 
derived  from  tlie  smuts. 

VarUms  stmutH,  The  corn  smut  is,  [K^rliajis,  the  most  con- 
spicuous form  and  very  destnu-tive.  Tlie  inf<*ction  in  tlie  corn 
is  local;  that  is,  tlie  s[K)re  nutsscfs  are  formed  clow;  to  the  ynni 
of  entrance  of  tlie  fiinjms.  Any  t(tnd(?r  ^o-owing  region  is  hij1>- 
ject  to  infection.  Tlie  com  smut  cjhw  only  U;  li<dd  in  ch<'''k  by 
burning  the  siK^rf;  ma^.s'fH  as  wam  as  di.-^ov^'n'd  and  by  avoid- 
ing the  use  of  manure,  which  gives  favorable  nutrition  for  the 


260 


THE  FUNGI 


germination  of  the  spores.  The  smuts  of  oats  and  wheat  often 
cause  enormous  loss  in  these  crops.  The  best  preventive  measures 
seem  to  be,  treatment  of  the  grains  with  solutions  of  copper  sul- 
phate, or  formalin,  or  steeping  them  in  hot  water  for  a  short  time 
before  planting,  which  kills  the  smut 
spores  without  injuring  the  grain.^ 

275.  The  rusts.   The  rusts  (order 
Uredinales)    cause   some  of   the   most 


Fio.  229.  The  wheat 
riist  (Puccini  a  gram- 
inis) 

A,  spots  of  the  red  rust 
on  a  wheat  leaf,  com- 
posed of  the  Slimmer 
spores  (uredospores) ; 
li,  spots  of  the  hlack 
rust  on  wheat  straw, 
c o m  I) o s e d  of  the 
winter  aiK)re8  (teleuto- 
spores) 


Fig.  230.  The  winter  spores  (teleuto- 
spores)  of  the  wheat  nist  (Puccinia 
graminls) 

Section  throiijrh  a  spot  of  the  black  rust  on 
oats,  the  epidermis  of  the  leaf  beinj; 
thrown  back  and  the  two-celled  teleuto- 
spores  raised  above  the  surface  on  stalks ; 
note  the  web  of  fungal  filaments  (hyphne) 
around  the  very  much  enlarged  (hyper- 
trophied)  cells  of  the  host  under  the  spot 


disastrous  diseases  of  such  grains  as  wheat,  oats,  barley,  and 
rye.    They  are  all  parasites,  forming  yellow  or  black  spots  on 

^  Soo  Swinj^le,  "The  Prevention  of  Stinking  Smut  of  Wheat  and  Tx>ose 
Smut  of  Oats,*'  United  States  Department  of  Agriculture,  Farmer'' s  Bulletin 
250^  \\m\. 
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the  leaves  and  stems  of  their  hosts.  The  most  complicated  life 
histories  in  the  fungi  are  found  in  this  group,  for  many  spe- 
cies require  two  different  hosts  to  complete  their  life  cycle  and 
form  a  number  of  different  reproductive  spores  during  their 
development.  These  peculiarities  are  best  illustrated  by  the 
rust  of  wheat. 

The  wheat  inist  The  wheat  rust  (Piiccinia  graminis)  appears 
on  wheat,  oats,  and  other  grains  and  grasses,  first  as  red  or 
yellow  streaks  or  spots  upon  the  leaves  and 
stems  (Fig.  229,  A),  Tlie  host  is  greatly  weak- 
ened and  consequently  matures  only  a  small 
yield  of  grain.  Towards  the  end  of  the  season 
black  streaks  (Fig.  229,  B)  are  formed  in  ad- 
dition to  the  red-rust  spots,  and  these  indicate 
the  development  of  resting  cells,  or  winter 
spores,  which  are  peculiar  two-celled  struc- 
tures in  Piiccinia  (Fig.  230).  Tlie  whiter 
spores,  called  telentospores,  germinate  in  the 
spring,  and  each  cell  gives  rise  to  a  short 
filament,  the  promyceliuni,  usually  consisting 
of  four  cells  (Fig.  231),  from  which  are  gen- 
erally develojKid  four  spring  spores,  or  sporidia. 
The  winter  spores,  jn-oniyceliuni,  and  spring 
spores  probably  c()rr(js]>()nd  to  the  same  stages 
in  the  life  history  of  a  smut. 

Wherever  the  l)arl>erry  is  common,  as  in 

Europe  and  New  England,  the  spring  si)ores  l^^i«.28l   Promyce- 

f  ,  1  hum  of  the  wheat 

(spondia)  infect  these  plants  and  produce  on      nust  (Puccinia 

their  leaves  peculiar  fructifications  called      graminis) 

cluster  cups,  or  aridia   (Fig.  232,  J,  />'),  in       After  Tuiasne 

which  are  developed  chains  of  cluster-cu]>  sj)()res,  or  aridiospores 

(Fig.  232,  C).    There  is   considerable  evidence  to   prove   that 

the  cluster  cups  represent  the  remains  of  what  was  once  a 

sexual  phase  in  the  life  liistory  of  the  rust,  but  which  is  now 

much  modified,  and  indeed  entirely  suppressed  in  some  forms. 
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Curious  structures  called  spermogonia  (Fig.  232,  C)  frequently 
accompany  the  cluster  cups  and  are  believed  to  be  the  remains 
of  male  sexual  organs  now  no  longer  functional.  They  develop 
immense  numbers  of  minute  cells,  termed  spermatia,  which  may 
at  one  time  have  been  functional  sperms,  but  apparently  serve 
no  useful  purpose  now. 

The  aecidiospores  are  distributed  by  the  wind  and  germinate 
upon  young  wheat,  putting  forth  tubes  which  enter  the  host 


Vui.  232.   Cluster  cups  (txcidia)  on  barberry  leaves 

,  habit  sketch  showing  groups  of  cluster  cups  on  a  leaf;  B,  a  group  enlarged  ; 
C,  section  through  a  leaf  showing  cluster  cups  on  the  lower  surface,  with  the 
chains  of  aecidiospores  and  the  male  organs  (spermogonia)  on  the  upper  sur- 
face.   The  latter  develop  immense  numbers  of  miuute  cells  which  probably* 
represent  sperms,  but  are  now  fuuctionless 


through  the  storaata.  The  infected  wheat  then  develops  a 
number  of  crops  of  one-celled  summer  spores  called  uredo- 
spores  (Fig.  233).  The  first  crops  of  summer  spores  are  widely 
scattered  in  high  winds  and  infect  more  wheat,  thus  spreading 
the  disease  very  rapidly.  The  spots  of  uredospores  are  reddish 
or  yellowish,  and  this  is  the  stage  known  as  the  red  rust  of 
wheat.  Finally,  at  the  end  of  the  season,  the  black  spots  of 
teleutospores  appear,  and  the  rust's  life  history  is  completed. 
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•  This  long  life  history,  which  is  thoroughly  known  in  Europe, 
becomes  much  shortened  in  the  Middle  West,  California,  and 
Australia,  where  there  is  no  barberiy,  by  the  omission  from 
it  of  that  host.  In  these  regions  the  uredospores  (summer 
spores)   may  survive  the  winter    or  ^ 

dry  season,  or  be  carried  over  from 
summer  to  summer  through  the 
winter  wheat  and  germinate  di- 
rectly upon  the  new  developing  wheat 
of  the  following  year,  so  that  the  re- 
production of  the  rust  is  by  a  succes- 
sion of  the  uredospores. 

Tliere  is  no  method  known  of  killing 
the  wheat  rust  on  the  living  host ;  but 
it  has  been  found  that  certain  varie- 
ties of  wheat,  as  the  macaroni  wheats, 
are  far  more  resistant  to  the  rust  than 
others.  There  is  some  hope  that  varie- 
ties may  be  bred  by  crossing  our  wheats 
with  macaroni  wheat  that  will  be 
largely  immune  to  this  disease,  which 

annually  causes  losses  of  many  million  ^'«-  233-  The  summer  spores 
11,  •      i.1       TT    ••     1    Oi.   A  1  1         (ure(l(>8ix)res)  from  the  red 

dollars  in  the  Lnited  States  alone,  i       mst  of  wheat 

There  are  a  large  number  of  varieties  a  single  twcM.eiiedteieutospore. 
of  Puccinia  graminiH^  and  also  several      ^  happens  to  Im*  present  among 
other  species  of  Puainia  which  attack      ^**^™-  ~^^^^  ^^  ^^'^ 
various  grains,  grasses,  and  other  plants.    One  of  tliese  {P.  as- 
paragi)  sometimes  causes  great  damage*  to  asparagus. 

Other  rusts.  The  group  of  the  rusts  is  very  large,  the  genera 
being  distinguished  chiefly  by  the  stmcture  of  the  teleutospores 

*  For  a  discussion  of  the  rust«;  and  nist  problems  of  the  United  States,  see 
papers  of  Carleton  from  the  publications  of  the  United  States  Department  of 
Agriculture,  "Cereal  Hiists  of  the  I'nit^'d  States/'  Division  of  Vegetable 
Physiology  and  Patholo^^y,  Bulktln  10,  181)9;  *' Macaroni  Wheats/'  Bureau 
of  Plant  Industry,  Bulletin  .7,  1JK)1  ;  **  Investii^ations  of  Rust,''  Bureau  of 
Plant  Industry,  BuMetin  6\7,  liK)4. 
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and  the  different  types  of  life  histories  affecting  various  hosts; 
but  many  of  the  forms  have  no  economic  importance,  being 
found  on  such  plants  as  the  violet,  May  apple,  cocklebur, 
asters,  golden-r(xls,  members  of  the  pea  family,  etc.  However, 
there  are  destructive  rusts  on  the  roses  {Phragmidium)y  clovers 
{[/romt/reH),  blackberries  (Ceoma),  etc.  An  interesting  type  is 
the  rust  {(rymnoHporanyiitm)  which  causes  the  distortions  called 
cedar  apples  on  tlie  junij)ers,  and  the  much-branched  stunted 
growths  called  witches*  brooms.  This  rust  has  a  cluster-cup 
stage  (once  named  Ji(eHtelia)  on  the  hawthorn  and  apple. 


Skriks  II.  Thk  Typical  \^\^u>i\Y\5'iic,i,i)\i  Eubasidiomycetes 

276.  The  Hymenomycetes.  Tliis  group,  which  may  be  con- 
sidered a  sulnclass  of  tlie  Basidiomycetes,  comprises  all  of  the 
higher  basidia  fungi  whose  spores  are 
developed  on  a  fruiting  surface,  called 
an  hymeniniii  (meaning  a  membrane), 
which  is  exposed.  This  condition  is 
thus  contrasted  with  that  in  the  Gas- 
troniycetes  (puffl>alls,  etc.),  where  the 
s]>()res  are  developed  within  a  case.  The 
types  of  fructitication  are  exceedingly 
various  in  tliis  group,  which  includes 
the  pore,  the  tooth,  and  the  gill  fungi 
in  the  various  forms  of  toadstools  and 
brackets.  lUit  there  are  also  some 
simpler  tyj)es,  as  the  coral  fungus  {Cla- 
niria),  with  irregular  branches  (Fig. 
234),  and  also  some  expanded  forms. 
The  pore  fu/if/i.  The  pore  fungi 
(family  Pol  t/ pom  ceo)  have  commonly  the  shape  of  brackets  and 
grow  on  the  trunks  of  trees,  althou^^h  some  are  large,  fleshy  toad- 
stools, as  Boletua  {V\\i.  23.")).  The  hynienium  lines  the  cavities 
of  the  numerous  pores  which  are  found  on  tlie  under  surfaces. 


Fio.  284.    A  coral  fnn«ru.s 
(Clavaria) 
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Many  of  the  pore  fungi  are  perennial,  increasing  in  size  from 

year  to  year  by  adding  new- 
layers  of  growth  outside  of 
the  old.  The  bracket  or  toad- 
stool is  merely  the  fructifica- 
tion which  receives  its  nour- 
ishment from  an  extensive 
mycelium  growing  in  the 
wood,  and  under  tlie  bark  of 
trees,  or  in  the  soil.  Many 
of  the  pore  fungi  are  very 
destructive  parasites,  greatly 
injuring  and  sometimes  kill- 
ing forest  trees.  They  may 
cause  great  injury  to  growing 
timl»er.i  Most  of  the  pore 
fungi  are,  however,  sapro- 
phytic in  their  manner  of 
life. 

The  tooth  fniuji.  The  tooth  fungi  (family  Ilydnncea)  are  less 
common  than  the  pore  and 
gill  fungi.  Some  of  tliem  have 
bracket  forms,  and  some  are 
toadstools  (Fig.  236).  The 
fruiting  surface  is  distrib- 
uted over  tooth  or  spine-Hke 
processes. 

Hie  gill  funffi.  The  gill 
fungi  {tAm\\\  Atj(iricave(v)  in- 
clude most  of  the  toadstool 
and  mushroom  forms  (Fig. 
237).    Atoadst<M)I  consists  of      p,<..  ^m.    A  to<.th  fundus  {Ilydnum) 


Fio.  285.  A  pore-bearing  toadsUwl 
(Boletus) 


1  See  von  Schronk,  *'The  Decay  of  Timber  and  Mptbo<ls  of  I*reventln«^ 
It/*  United  States  Department  of  Agricultun%  Him^au  of  IMant  Industry, 
Bulletin  14,  19()2. 
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a  stalk  (stipe),  which  in  some  genera  arises  from  a  cup  (volva) 
and  is  expanded  above  into  the  cap  (pileus).    The  under  surface 

of  the  cap  bears  many  thin  plates 
which  hang  down  in  a  radiating  ar- 
rangement and  are  called  gUls.  The 
gills  illustrate  very  well  the  struc- 
ture and  position  of  the  basidia  on 
a  fruiting  surface,  or  hymenium, 
and  cross  sections  are  shown  in  Fig. 
238.  It  will  be  seen  that  the  basidia 
are  the  swollen  terminal  cells  of  a 
compact  mesh  of  ^^yphae,  and  that 
each  bears  a  group  J)f  four  spores 
on  short  stalks  or  sterigmata. 

The  toadstool  is  really  a  fructi- 
fication. It  is  attached  to  an  ex- 
tensive mass  of  mycelium,  which 
is  the  vegetative  portion  of  the 
plant.  This  mycelium  generally 
lives  saprophytically  in  the  soil, 
fre(iuently  around  buried  roots  of 
trees,  but  there  are  some  para- 
sitic gill  fungi  (Plate  VI)  which 
cause  the  decay  and  final  death  of 
valuable  timber.  The  toadstool 
develops  from  an  accumulation  of 
hyplue  in  small  structures  called 
huttom  (Fig.  237,  c,  c\  r").  Tlie 
cap  regicm  with  the  gills  and  stalk 
l)ec()me  differentiated  within  the 
button,  and  finally  break  out  from 
the  surrounding  envelope  and  ex- 
pand in  a  few  hours  to  their  full  size;  hence  the  expression  a 
"  nnishrooni  giowLh."  The  remains  of  the  envelope  are  found  in 
some  forms  as  scales  on  the  top  of  the  cap  (see  mature  mushroom 


Fi<;.  2i)7.  A  group  of  inuslirooms 
(Annillaria  mtUea) 

my,  mycelial  attachment;  c.  cf,  c'\ 
yonnjx  statics  callod  ])iitt(nis; 
mat  lire  musliroom  with  expanded 
cap  (i)ileus)  shown  above;  st, 
stem  (stipe):  <7,  jrills;  r,  ring. — 
After  Hartig.  through  Bennet 
an<l  Murray 
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of  Fig.  237)  and  in  a  ring  attached  to  the  stalk  below  the  gills 
(Fig.  237,  r),  while  in  certain  types  (Amanita,  etc.)  there  is  a 
large  cup  (volva)  at  the  base  of  the 
plant  out  of  which  the  stalk  rises. 

It  is  becoming  rather  general  popu- 
lar usage  to  apply  the  term  mushroom 
to  all  toadstools  and  other  fleshy 
fungi  which  are  edible.  There -are  no 
general  rules  for  distinguishing  mush- 
rooms from  toadstools  which  do  not 
have  exceptions;  but  the  collector 
may  readily  learn  the  characters  of 
the  most  poisonous  species,  and  like- 
wise become  acquainted  with  a  num- 
ber of  choice  forms  which  are  easily 
recognized.^  It  is  a  good  principle, 
however,  to  rest  satisfied  with  a 
knowledge  of  a  few  absolutely  safe 
mushrooms  and  not  to  experiment 
with  those  that  are  not  fully  known. 
The  most  poisonous  species  of  the  gill 
fungi  are  in  the  genus  Amanita  and 
have  large  volvas,  rings,  and  white 
spores,  and  may  be  readily  recognized 
when  carefully  examined.  There  are 
also  some  very  poisonous  species  of 
Boletus  among  the  pore  fungi.  The 
commonest  mushroom  of  the  market 
(Agaricus  campcstris)  is  a  form  extensively  cultivated,  but 
which  also  grows  in  the  fields.  Tliese  nuishrooms  are  raised 
in  cellars  and  caves,  in  specially  prepared,  heavily  manured 
beds,    which    are   planted    with    masses    of    mycelium   called 

*  See  Farlow,  "  Some  EiUble  and  Poiwmoua  Fuii^i,*'  rnit<»(l  States  Depart- 
ment of  Agriculture,  Division  of  Vegetable  Physiology  and  Pathology,  Bul- 
letin 15,  1898. 


Fir..  238.   Gills  of  mushroom 
{Coprinus  comatus) 

A,  cross  section  of  gills  showing 
fruiting  surface  (hymenium) ; 
B,  portion  of  fruiting  surface 
illustrating  three  basidia  with 
Sjwres  and  two  from  which 
the  spores  have  fallen  off, 
showing  the  spore-bearing 
stalks  (sterigmata)  8 
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spawn}  Some  species  of  Boletus  are  edible,  and  they,  with  the 
morels  (Sec.  267)  aiid  truffles  (Sec.  269),  are  sold  in  the  Euro- 
pean markets  with  edible  gill  fungi. 

277,  The  Gastromycetes.  This  group,  in  contrast  with  the 
Hymenomycetes,  includes  forms  in  which  the  basidia  line  the 
interior  of  chambers,  or  cavities,  in  the  fi-uctifications  and  are 
consequently  inclosed  until  the  fructification  matures.    Here 

are  found  the  puff  balls,  earth 
stars,  nest  fungi,  and  carrion 
fungi. 

The  puff  halls.  These  are 
the  fructifications  (Fig.  239) 
of  an  extensive  undei-ground 
saprophytic  mycelium,  as  in 
the  toadstools  and  mushrooms. 
The  young  puff  ball  has  a 
white  flesh  made  up  of  hyphse 
and  filled  with  small  irregular 
cavities  lined  with  the  fruiting 
surface  (hymenium).  The 
spores  when  ripe  lie  freely  as  a  brown  powder  in  the  dried-up 
fibrous  tissue  inclosed  in  an  outer  parchment-like  envelo[)e. 
The  spores  may  be  discharged  through  a  special  opening  at  the 
top  or  scattered  by  the  irregular  rupture  and  decay  of  the  pufT- 
ball.  Young  pulTballs  are  edi])le,  and  there  is  one  extraordinary 
S[)ecies  {Lycopcrdon  (jiyaatcum)  which  grows  to  be  a  foot  or 
more  in  diameter  and  is  much  prized  as  a  delicacy. 

The  earth  stars.  The  earth  stars  (Geastcr,  Fig.  240)  are  modi- 
fied forms  of  i)uff])alls.  The  envelo{)e  is  very  thick,  and  the 
outer  portion  splits  lengthwise  into  segments  which,  when  wet, 
curve  bai^k  from  above  and  raise  the  fructifications  from  the 
ground.    In  dry  weather  the  segments  are  usually  rolled  up 

1  See  I)n.ir«rar,  ''The  Principles  of  Mushroom  Growing  and  Mushroom 
Spawn  Makinir/'  United  States  Dei)artment  of  Agriculture,  Bureau  of  Plant 
Industry,  Bulletin  sr,,  l<)Or,. 


Fici.  239.   A  puff  ball  {Lt/copenion) 
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tightly  around  the  fructifications.    Tliese  movements  of  the  a^- 
ments  in  certain  species  when  alternately  wet  and  dn*  sonietime?- 

tear  the  earth  stars  hx^se  from 
the  ground  so  that  they  may 
roll  about,  thus  a.-«i.-tiuf5  "* 
the  distribution  of  the  5?[/^r<:«. 
The  puffballs  and  *ffirt}; 
stars  are  in  the  Hitiuft  orli-t 
{LycoperdaltcH). 

Tlie  nest fu nf/i.  Tl i <f - <: I /*;:  / . - 

ful  little  forms  ^»nl<r  .V//////^/- 

rialen)  <rr<Av  on  tb*;  t-MV:.  '■,:.') 

Fi«i.  240.   An  earth  star  (Geaater)       decaying  \vo(id  anH  v.  l.*:,  '-;^-;. 

resemble  a  nest  filled  with  eggs  (Fig.  241).    Tb*^  i-ji'jiA.Vj'.  -M-.' 

tures  are  jxjrtions  of  the  interior  of  the  fnH:tifir;ition,  ai.'l  *>:'  f. 

contains  a  chamber  filled  with  spores. 

The  carrion  fungi.  These  very  malodorou--  iui,:.'!  ^/I'i'r 
Ph(t Hales)  grow  in  rich  humus  and  mnb-bing-.  Tl.^v  ;m"  "'>u. 
pliwited  stalked  tyi)es  fii-st  formed  witliin  a  bn.."-  u'\ 
structure  which  remains  around  the  base  of  tb«-  rU\\\:  u 
The  top  of  the  stalk  bears  a  dark-coloHMJ,  sti'-ky  ni;i  -  ol 
that  has  the  (ulor  of  carrion 
and  attracts  carrion  flies, 
which  probably  assist  in  the     ^^  X-^^  ^ 

distribution  of  the  six)res. 

278.  Mycorrhlza.  Mycor- 
rbiza  (meaning  fungus-in- 
fected roots)  is  a  remarkable         '^*^ 
association  of  the  mycelium       Fio.  241.  A  m-st  fuii^iiis  ((>////»/«) 

of     (H»rtain     fungi    with    the    xhe  »e«-tion  at  tlu;  rlnht  mIk.wm  II u«-lik« 

roots    of    many    seed    plants,  8tnic.tiin.H  containing  tlu.H|H,n.H 

notably  trees.  Tlie  fungal  filaments  surround  the  roots  with  a 
web  (Fig.  242)  and  enter  the  outer  regions  of  the  root  tissue, 
probably  living  somewhat  parasitically  upon  the  plant  as  a 
host.    They  are  in  close  contact  with  the  soil  aroimd  the  roots, 
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and  are  believed  to  be  of  great  assistance  to  them  in  their  work 
in  the  following  way.  It  is  necessary  for  the  roots,  of  course,  to 
establish  a  close  relation  to  the  moisture  of  the  soil  in  order  to 
obtain  water  for  the  green  parts  of  the  plant  above  ground.  The 
surface  of  the  older  portions  is  without  root  hairs  and  is  sur- 
rounded by  a  hard  outer  layer  which  cannot  come  into  ver}*^ 
close  contact  with  the  minute  moist  soil  particles.  But  it  is 
thought  that  the  fungal  filaments  act  as  root  hairs,  and  perhaps 
through  them  the  root  can  absorb  a  much  greater  quantity  of 

water  and  can  well  afford  to  give 

them  what  nourishment  they  require 

in  exchange  for  such  valuable 

services.    It  is  probable  that  most 

trees  and  many  others  of  the  larger 

plants  have  formed  this  partnership 

with  the  fungi    The  kinds  of  fungi 

concerned  with  mycorrhizas  are  not 

well  understood,  but  some  of  them 

are   known  to   be   the    mycelia    of 

toadstools  and   puff  balls.     Tlie  sac 

fungi  also  furnish  notable  examples 

in  the  trufHes  (Sec.  269).    The  my- 

Fic;.242.  Mycorrhiza  surround-    corrliiza  relationship  is  an  excellent 

ing  the  tip  of  a  beech  root       illustration   of    symbiosis    (which 

After  Pfeffer  means  a  living   together),  for  two 

organisms  exist  here  in  intimate  physiological  association  and 

both  apparently  receive  benefit  from  the  partnership. 

279.  Summary  of  the  basidia  fungi.  The  relationships 
between  the  different  groups  of  the  Basidiomycetcs  cannot  be 
discussed  further  than  to  state  that  the  promycelium  of  smuts 
and  rusts,  with  its  sporidia,  is  believed  to  correspond  to  the 
basidium  with  its  four  spores.  There  are  two  small  groups  called 
the  jelly  fmuji  (orders  Auricnhiralcs  and  Tremellales),  includ- 
ing the  rather  common  Jew's-ear  fungus,  whose  basidia  become 
divided  into  four  parts.    In  the  Jew's-ear  fungus  the  basidium 


rtATi^  VI,   A  wound  parasite  {PUsunftHS  ntmnrim)  uii  Itit*  Uuuk  oi  a 
After  E.  M,  FffettiAn 
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is  indeed  a  four-celled  filament  resembling  the  promycelium  of 
a  rust,  each  cell  developing  a  spore  at  one  side  on  a  sterigmata. 
The  winter  spores,  or  teleutospores,  of  the  smuts  and  rusts  are 
considered  to  be  special  resting  cells  of  the  fungi,  developed  to 
carry  these  parasitic  forms  over  unfavorable  seasons  of  cold  or 
drought  when  the  host  plants  are  not  alive.  There  is  thus  a 
break  in  the  life  liistory  at  the  point  where  the  basidium  should 
normally  appear.  Tlie  germination  of  these  spores  continues 
the  life  history  with  the  immediate  development  of  a  structure 
(the  promycelium)  which  corresponds  to  a  basidium  with  its 
spores. 

The  higher  basidia  fungi  have  apparently  lost  all  trace  of 
sexual  organs,  but  the  cluster-cup  stage  in  the  rusts  is  believed 
to  indicate  the  remains  of  a  modified  sexual  generation  in  their 
life  histories.  Tlie  evidence  for  this  view  rests  chiefly  upon  the 
behavior  of  the  nuclei  throughout  the  life  history  of  the  rust 
and  is  too  complicated  for  treatment  here.  The  basidia  fungi 
are  therefore  chiefly,  if  not  wholly,  apogamous.  The  origin  and 
evolution  of  the  Basidiomycetes  is  a  problem  as  yet  unsolved, 
which  cannot  l)e  here  considered.  The  basidia  fungi  are,  how- 
ever, })y  far  the  most  wonderfully  varied  and  specialized  assem- 
blage of  the  fungi 


CHAPTER   XXIII 

SUMMARY  OF  THE  LIFE  HISTORIES  AND  EVOLUTION 
OF  THE  FUNGI 

280.  The  life  histories  of  the  fungi.  To  understand  the 
types  of  life  histories  in  the  different  groups  of  the  fungi  one 
must  l^ar  in  mind  the  life  histories  of  the  most  nearly  related 
groups  of  algte  (Sec.  247),  for  those  of  the  fungi  are  based,  of 
course,  on  the  life  histories  of  their  algal  ancestors.  But  there 
have  been  some  very  impi>rtant  modifications  as  the  result  of 
the  parasitic  and  sapn^phytic  nuxles  of  life  of  the  fungi,  and 
especially  l>ecause  the  highest  gnnij^  of  fungi  present  much 
sexual  degeneration,  or  a^x^my,  which  of  course  in  some 
respects  simplitios  the  life  histories. 

The  life  history  i>f  the  bacteria  is  css^'iitially  as  simple  as 
that  of  the  blue-gnvn  alg;v.  The  alijra-likc  fungi  {Phi/com ifcetcs) 
is  a  group,  however,  wlu»se  highest  uhmuIxts  (the  molds,  water 
molds,  and  blights)  have  ivpnxhictive  organs  with  many  points 
of  similarity  to  the  siphon  alg.v,  and  nion^  i*s|vcially  to  Van- 
cherin  (Stw  22S\.  Tlu*  st^xually  finiuiHi  s]x»ivs  generally  develop 
directly  into  plants  liki'  ilic  }\irrnis,^  so  that  the  formula  for  the 
life  hist* 'TV  is 

/^-^^^''"^  <"-  s.-/*      -'-^  s.    .  s._7>,  etc., 

tbf  abbn*vi;iii..i,>  </  an.]  >ifj\  ti.^uaiCwiwz  f.T  ciincte  and  sexually 
t'onn-l  >p"iv,  i>->y»e. lively .  Tlr-iv  is  'iwv.  t  xu  nsive  reproduc- 
li"L  ll:r"U_r!i  \an"ii>  f'»riii.-.  •.:  ;i>vxr..i.  <;»■'!••  ^  ''I'twtvn  succes- 
sive- >-xii;il  j-ii-ration^.  Ari«l  iri'i'/'-i  <-x;i:il  -..'T-^-r.ns  may  only 
K-  i"..r:ii»-l  .JL  r-.xvr  iM-nals.  a-  in  tht-  'M't-a-i  ii:.'!  1.  .»r  they  may 
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not  be  functional  so  that  a  condition  of  apogamy  is  present,  as 
in  the  water  molds. 

The  life  histories  of  the  sac  fungi  (Ascomycetes)  are  especially 
interesting  in  relation  to  those  of  the  red  algse  (Sec.  246).  It  is 
known  in  regard  to  a  number  of  types  that  the  sac  fruits  (asco- 
carps)  develop  as  the  result  of  a  sexual  process,  coiTesponding  in 
this  respect  to  the  cystocarps.  The  ascospores  are  formed  at  the 
end  of  the  ascocarp  phase  of  the  life  history  just  as  the  carpo- 
spores  are  formed  at  the  end  of  the  cystocarp  phase  in  the  red 
algae.  Both  ascocarps  and  cystocarps  are,  then,  new  genera- 
tions developed  between  and  alternating  with  the  sexual  plants. 
They  are  sporophytes  alternating  with  gametophytes.  Tlie  for- 
mula for  the  life  history  of  a  sac  fungus  with  functional  sexual 
organs  is  then 

G<cJ^^  —  <S  (ascocarp)  —  ase.u  s.  (ascospore) 

—  6r<^^>—  '^'—  (I'^iex.  s.  —  G,  etc., 
*/ 

G  and  ^S^  standing  for  gametophyte  and  sporophyte,  respectively, 
and  asex.  8.  for  asexual  spore. 

It  must  always  be  remembered,  however,  that  the  sac  fungi 
have  a  great  variety  of  methods  of  asexual  reproduction  through 
conidia,  etc.  Consequently  sexual  organs  may  \ni  formed  only 
occasionally,  as  in  the  green  mildew  {Pemcillium).  There  is 
also  probably  much  aiK)gamy  in  the  group,  so  that  the  sac  fruits 
are  apogamously  developed. 

The  basidia  fungi  present  the  remains  of  an  alternation  of 
generations  in  the  nists  somewhat  similar  to  that  of  the  sac 
fungi.  The  cluster  cups  are  believed  to  be  the  beginning  of  a 
phase  that  formerly  followed  a  sexual  process  just  as  do  the 
ascocarps  and  cystocarps.  However,  the  male  organs  (spernio- 
gonia)  of  the  rusts  are  no  longer  functional,  and  the  cluster  cups 
must  be  considered  as  developing  apogamousy,  although  there 
is  now  a  complicated  history  substituted  for  the  original  sexual 
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process.  The  cluster-cup  stage  is  omitted  entirely  iii  some  of 
the  rusts  and  in  all  of  the  smuts,  and  there  are  likewise  no 
traces  of  it  in  the  higher  basidia  fungi  (Eubasidimnycetes). 
Sexual  degeneration  in  these  forms,  then,  has  apparently  been 
carried  so  far  that  the  sexual  organs  have  disappeared  entirely 
from  the  life  histories. 

281,  The  origin  and  evolution  of  the  fungi.  The  study  of  the 
evolution  of  the  fungi  must  be  taken  up  for  each  of  the  larger 
classes  separately,  for  there  is  every  probability  that  each  has  had 
an  independent  origin  from  widely  separated  groups  of  the  algie. 
The  bacteria  have  probably  been  derived  from  the  blue-green  algae. 
The  higher  alga-like  fungi  (molds,  water  molds,  and  blights) 
apparently  show  relationships  to  the  siphon  algae.  Some  authors 
believe  that  the  sac  fungi  have  come  from  the  red  algae.  The 
origin  of  the  basidia  fungi  is  very  much  in  doubt  and  that  of 
the  yeasts  also,  although  it  is  generally  held  that  the  latter  are 
degenerate  forms  from  some  of  the  higher  fungi.  The  evolu- 
tion of  the  fungal  forms  in  each  group  becomes  very  complicated, 
because  the  fungi  have  such  wonderfully  varied  habits  resulting 
from  their  parasitic  and  saprophytic  ways  of  living.  In  fact,  these 
life  habits  have  produced  the  greatest  variety  of  structures  and 
adaptations  known  in  any  group  of  spore  plants.  Still  more 
remarkable,  perhaps,  is  the  widespread  tendency  towards  sexual 
degeneration,  which  is  also  believed  to  be  associated  with  the 
parasitic  and  saprophytic  life  habits. 


CHAPTER  XXIV 

THE  BRTOPHYTES  AND  THE  ESTABLISHMENT  OF  ALTER- 
NATION OF  GENERATIONS 


282.  The  bryophytes,*  The  dhision  Bryophyta  (meaning 
moss  plants)  is  the  next  great  group  of  plants  above  the  division 
Tliallophyta  (Chapter  XIX),  and  includes  two  classes:  (1)  the 
liverworts,  or  Hepaticcc,  and  (2)  the  mosses, 
or  Musci.  It  is  not  best  to  define  these 
classes  until  the  structure  and  life  liistories 
of  types  from  each  group  have  l)een  studied. 
Furthermore,  it  is  impossible  fully  to  under- 
stand the  characters  of  the  bryophytes  and 
thallophytes  except  when  compared  with 
one  another.  Accordingly  these  matters 
have  been  reserved  for  the  final  section  of 
tliis  chapter  under  the  heading  Summary 
of  the  Bryophytes  and  Thallophytes  (•:j>ecs. 
300,  301). 

However,  the  brj'ophytes  differ  from  tlie 
thallophytes  in  two  very  important  respi^cts  AntiHridium  in  section, 

...  ,       i./i  1  P  showiijj;  the  outer  cap- 

which  may  be  briefly  stated  at  once,  for      suie  ami  the  mass  of 

they  must  be  thoroughly  comprehended  in 

order  to  understand  the  life  histories  of  the 

liverworts  and  mosses.    They  can  only  be 

made  clear  when  illustrate<l  through  labora- 

U)Ty  studies.    These  two  differences  are  (1)  in  the  .Hcnml  oryftns, 

which  are  many-celled,  and  (2)  in  the  apix'arance  of  a  new  stagt* 

in  the  life  cycle  called  the  sporophyte, 

•  To  THE  Inctrcctor  :  The  intrcxlurtion  to  t!»is  (•liapt<T  assumes  that  the 
life  history  of  a  liverwort  or  moss  luus  \me\\  «tu(lie<l  in  the  laboratory. 
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Fi<;.  248.  Tlie  antlier- 
idiuin  of  a  liverwort 
{Marchaixtia) 


Bniall  cells  within,  in 
which  are  developcMl 
the  minute  two-ciliat« 
8i>erfn8  shown  at  the 
left.  — After  Sjichs 
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.283.  The  sexual  organs.  The  sexual  organs  of  the  bryophytes 
are  many-celled.  They  are  male  and  female  and  each  consists 
of  a  cellular  case,  or  capsule,  in  which 
are  formed  the  respective  gametes,  which 
are  sperms  and  eggs.  It  will  be  remem- 
bered that  the  sexual  organs  of  the  thal- 
lophytes  are,  with  very  few  exceptions, 
one-celled.  Tlie  conspicuous  exceptions 
are  the  plurilocular  sexual  organs  of  the 
lower  brown  algai  (see  Uctocarpics,  Sec. 
235)  and  the  antheridium  of  the  stone- 
worts  (Sec.  230). 

Th^  sperni'produeiag  organ,  or  antlier- 
idium.  The  antheridium  (Fig.  243)  is  a 
stalked,  oval  or  elliptical  structure,  with 
an  outer  cellular  envelope  inclosing  a 
dense  mass  of  very  small  cubical  cells 
in  which  are  developed  the  sperms.  Tlie 
sperms  are  minute  elongated  or  slightly 
coiled  protoplasts,  with  a  pair  of  cilia  at 
one  end.  The  mature  antheridia  only  dis- 
charge their  sperms  when  wet,  as  after 
heavy  rains  or  dews,  and  the  sperms  then 
Fig.  244.  The  archego-   swim  about  in  the  moisture.    At  these 

nium  of  a  liverwort  ^jmes  the  plants  are  practically  leading 

an  aquatic  life  like  their  algal  ancestors, 

""tSrrtrSS  -Hi  the  <levelopment  of  motUe  sperms 

receptacle  (FiK.2r>i).  The   in  these  land  plants  sliows  clearly  that 

u7e'''twXn\aL'''of%he   ^bev  must  have  come  from  forms  with 

ari'hcc^oniiiin,  while  the   aquatic  life  habits. 

neck /i  contains  a  row  of  mi  i      •  t 

canal  cells  which  break         ^^'^  egg-producmg  organ,  or  archego- 

down  into  mnciiajre  as  the   nium.    The   female   organ   is   called    an 

archegoninm  niatnres.  ,  .  x*  •    xj      i      i  j /i.^-     o  <  <\ 

a rchegom  um.  It  is  flask-shaped  (F  ig.  244), 
and  the  outer  cellular  envelope  incloses  at  maturity  a  row  of  cells. 
Tlie  cell  situated  in  the  enlarged  portion  of  the  archegonium 
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(venter)  becomes  the  single  egg,  wliile  the  others  in  the  neck 
region  (Fig.  244,  n),  called  canal  cells,  break  down  and  their 
substance  becomes  changed  into  mucilage.  The  archegonia,  like 
the  antheridia,  open  only  when  wet,  the  cells  at  the  tip  separat- 
ing so  as  to  give  a  clear  passage  for  the  entrance  of  the  sperms 
into  the  neck.  The  sperms  are  attracted  to  the  opening  by  cer- 
tain substances  such  as  sugar  contained  in  the  li([uefying  muci- 
lage. The  sperms  swim  down  the  neck,  and  one  of  them,  fusing 
with  the  egg,  fertilizes  it.  There  is  much  evidence  that  the 
canal  cells  are  degenerate  gametes,  and  tliat  tlie  archegonium 
came  from  a  type  of  sexual  organ  that  originally  produced  a 
number  of  gametes,  as  does  the  antheridium. 

284.  The  sporophyte.  The  term  sjwrophijte  has  ai)i)eared 
before  in  the  accounts  of  the  red  alg<e  (Sec.  240)  and  sa(i  fungi 
(Sees.  266,  272)  where  certain  pecuHar  fructifications  (cystocarps 
and  ascocarps),  following  the  sexual  process,  alternated  with  the 
sexual  plants.  The  sporophytes  of  the  liverworts  and  mosses 
have  a  similar  position  in  the  life  history,  and  are  likewise 
borne  on  the  parent  plants  and  frecjuently  ('ailed  tlunr  **  fruits." 

The  sporophyte  of  the  liverworts  and  mosses  develops  at 
once  from  the  fertilized  egg,  which  never  becomes  a  resting 
spore  (oospore),  as  in  the  alga*.  Tlie  form  is  various  in  difler- 
ent  groupa  Most  of  the  mosses  have  long,  stalked  sporo])hytes 
(Figs.  261,  265),  which  end  in  swollen  sjxire  cases.  Tlie  liver- 
worts generally  have  much  smaller  sporophytes,  some  of  wliicli 
have  no  stalk  at  all  and  (Consist  of  the  spore  cas«*  alone.  If  the 
sporophyte  is  small  it  may  remain  inclos<id  in  tlie  base  of  the 
archegoniima,  which  l^ecoines  much  enlarged.  But  the  stalked 
sporophytes  either  burst  out  of  the  archegonium,  or  fre(|uently, 
as  in  the  common  mo.s.ses,  tear  it  off  and  carry  it  u])wards  as  a 
cap-like  structure  (Fig.  26.'),  Ii,rftl)cn\Wi\  tin*  nijfuttrn  (meaning 
a  veil).  Tlie  sporophytes  always  remain  attached  to  tlie  parent 
plant,  and  finally  develop  sjK»res  asexually  in  the  spore  « as<\^. 
Tlie  spores  are  formed  in  groups  of  four,  railed  hirmh^  witliin 
spore    mother  cells  (Figs.  24.'),  /;,;<;    li.'iH.  H).    'J'liese  jt^exual 
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spores  have  heavy  walls  and  can  survive  the  winter,  frequently 
protected  by  the  spore  case.  It  will  be  remembered  that  in  the 
algse  the  sexually  formed  spore  is  generally  the  protected  resting 
spore. 

285.  Alternation  of  generations.  There  are  thus  two  phases 
in  the  life  history  of  a  liverwort  or  moss.  First,  there  is  the 
plant  wliich  bears  the  sexual  organs,  and  tliis  is  called  tlie 
gametaphyte  (meaning  a  gamete-bearing  plant) ;  second,  there  is 
the  structure  which  arises  from  the  fertilized  egg  and  ends  its 
history  by  developing  asexual  spores,  and  for  tliis  reason  it  is 
called  a  sporophyte  (meaning  a  spore-bearing  plant).  Tlie  game- 
tophyte  is  developed  from  the  sjMjre,  and  the  sporophyte  from 
the  fertilized  egg.  So  there  is  a  regular  alternation  of  these  two 
phases  in  the  life  history,  the  gametophyte  producing  sexual 
cells,  or  gametes,  and  the  sporophyte  producing  asexual  spores. 
The  two  phases  are  regarded  as  separate  generations  because 
each  has  its  origin  from  a  distinct  kind  of  reproductive  cell 
(egg  or  spore).  Tlie  gametophyte  is  of  course  a  sexual  genera- 
tion and  the  sporophyte  an  asexual  one.  Their  following  one 
after  the  other  makes  an  aiteimation  of  generations ^ — a  phrase 
which  from  now  on  will  be  frequently  used,  because  it  signifies 
the  most  remarkable  feature  in  the  evolution  of  all  plants  alx)ve 
the  thallophytes.  The  simple  SiX)rophytes  of  ancient  bryophytes 
gave  rise  to  the  fern  plants  and  thn)ugh  them  to  the  large  and 
complicated  seed  plants. 

A  life  history  wliich  consists  of  an  alternation  of  sporophyte 
and  gametopliyte,  as  in  the  liverworts  and  mosses,  may  l)e 
expressed  by  the  formula 

Gumctophi/te <^' ^       '^  —  Sporopht/te  —  ase.eual  spore 

—  Gametophyte,  etc- 
This  in  an  abbreviated  form  becomes 


0<:l>  -  .S'-.9/)-G<'>  -  S-sp-G,  etc. 
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One  must  bear  in  mind  these  general  characters  of  the  bryo- 
phytes,  as  the  liverworts  and  mosses  are  separately  taken  up 
and  their  characters  finally  summarized  by  treating  the  sub- 
jects imder  the  four  heads : 

Class  I.     The  liverworts,  or  Hepaticce 
Class  II.  The  mosses,  or  Musci. 
The  origin  and  evolution  of  the  bryophytes. 
Summary  of  the  bryophytes  and  thallophytes. 


CLASS  I.  THE  LIVERWORTS,  OR  HEPATIC.E 

286.  The  liverworts.  The  liverworts  grow  most  luxuriantly 
in  moist  and  shaded  situations,  some  forms  on  the  ground,  some 
on  rocks,  and  some  on  trees.  Tliere  are  also  certain  aquatic 
liverworts  which  float  on  the  surface  of  the  water,  and  a  few 
very  simple  ones  which  are  entirely  submerged  like  the  algae. 
Thus,  although  most  of  the  tyj)es  have  the  land  habit,  scmie  show 
very  clearly  adaptations  for  the  aquatic  life  of  their  ancestors 
among  the  algte.  The  creeping  habits  of  the  liverworts  probably 
indicate  the  way  in  which  land  plants  arose  and  l)ecame  estab- 
lished first  along  the  margins  of  streams,  ponds,  and  marshes 
where  algal  growths  emerged  from  the  water  or  were  left 
stranded  on  the  wet  earth.  These  first  land  liverworts  naturally 
clung  close  to  tlie  wet  earth  in  the  beginning,  until  the  devel- 
opment of  root-like  systems  of  filaments  (rhizoids),  which  could 
gather  moisture,  y)6rmitted  them  to  develop  u})right  stems  as 
in  the  mosses.  The  forms  of  the  liverworts  are  various,  as  will 
appear  in  the  following  brief  account  of  the  four  orders. 

287,  The  Riccia  group.  The  sim})lest  liverworts  (order  Ric- 
dales)  have  a  flat  jilant  l)ody  (gametoi)hyte),  some  forms  float- 
ing on  the  surface  of  the  water  and  others  submerged,  while, 
certain  types  grow  close  to  moist  earth.  The  plant  body  is  a 
true  thallus  (Fig.  245,  A),  and  indeed  is  nmch  simpler  than  the 
plant  bodies  of  many  thallophytes  among  the  ])rown  and  red 
algse.  The  lower  surface  of  the  thallus  bears  numerous  filaments, 


280 


THE  BRYOPHYTES 


^?P 


called  rhizouls  (from  their  resemblance  to  roots),  and  delicate 
membrane-like  fringes,  which  draw  up  water  from  the  soil  like 

root  hairs  if  the  plant  has 
the  land  habit.  The  thal- 
lus  grows  from  a  number 
of  pohits  (Fig.  245,  A,  gp) 
situated  in  notches  at  the 
ends  of  lobes  which  fork  in 
pairs  and  finally  spUt  apart, 
so  that  tlie  plants  multiply 
very  rapidly  during  the  veg- 
etative season.  The  sexual 
organs  are  borne  on  the  uj)- 
per  siu'face  of  this  game- 
tophyte,  and  the  sporophyte 
is  a  simple  globular  case 
(Fig.  245,  B)\  filled  with 
spores,  which  remains  in- 
closed in  the  base  of  the 
archegoniuni,  so  that  the 
spores  are  not  set  free  until 
the  decay  of  the  plant.* 

Fig.  245.   A  floating  livcnvort  (/iiccio-  ^^^'    The  Marchantla 
carpas)  and  its  sporophyte  grOUp.     This    large  grou]) 
A,  habit  sketch  of  the  sexual  plant  (game-  (order    M ar chant lalcfi)   is 
tophyte)  viewed  from  above,  showing  the  well  represented  1)V  the  Com- 
position of  the  siK)rophytes  in  lines  back  . 

of  the  growing  points  gp.   B,  section  of    Hion  Yiverwovi  {March anti(( 
a  sporophyte  containe<l  within  the  parent    jiohjmorpha),  which   growS 

on  the  ground  in   moist 
situations.    The  ril)bon-like 
thallus  of  species  of  Mar- 
chantia  (Fig.  24())  forks  regularly,  but  one  of  the  branches  is 


archegoniuni,  whose  neck  n  is  still  pres- 
ent: .V,  spores  in  groups  of  four  (tetrads) 
within  the  si>ore  mother  cells;  Wy  remains 
of  the  wall  of  the  sporophyte 


♦To  THE  Instiuttou  :  These  points  are  admirably  illustrat^^d  in  the  large 
floating  form  {Ricciocarpusndtans),  which  is  not  uncommon  and  is  an  excellent 
type  forlaboi-atory  study, although  Marchantla  is  tho  form  most  generally  used. 
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almost  always  larger  and  stronger  than 
the  other.    The  lower  surface  bears  nu- 
merous filaments  and  frin^^es  wliiih  are 
formed  in  front  of  the  giowuig  puinls, 
protecting  them,  and  later 
become  distributed  along 
the  lower  surface.    The 
upper  surface  is  marked 
by  diamond-shaped  areas 
(Fig.  247,  A)  which  show 
the  position  of  curious 
large  air  chambers  (Fig. 

247   B)  that  contain  very    Z'*.  f«n^ale  receptat-le :  r,  cups  producing  buds. 
^     '  '  —After  Sullivant 

numerous  filaments  whose 

cells  have  well-developed  chloroplasts.    These  filaments  perform 


Fni.  *24(i.   A  Merchant ia  form  {Marchantia 
disjuncta) 


Fio.  247.   Structure  of  tlie  thai  1  us  of  Manhardla 

^,8iirfaceofthal]a8,thediainond-shai)ed  arenfl  marking  air  <}iari)t><*rH:  //.  a  ^H'X'um 
tbrou^  themiddle  region  ofthetlialluHKliowiiig  air  chariilxfrKalHive.  filh**!  with 
bnuicliing  green  filaments,  and  the  friniiff^  and  nK)t>likf^  hairH  (rhi/^iid.s;  on  the 
lower  sorfaee;  C\  surface  view  of  tlie  jKire  wlticli  oimiiih  into  an  air  ehaujlN;r 
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the  greater  part  of  the  chlo- 
rophyll work  (photosynthesis) 
of  the  plant,  and  the  chambers 
are  developed  as  protective 
structures  around  them.  Each 
chamber  is  open  above  to  the 
air  by  a  circular  pore  (Fig. 
247,  (7),  which  can  be  easily 
seen  in  the  center  of  each 
diamond-shaped  area.  This 
specialization  of  the  upper  sur- 

„     ^.,o    n^  J  ,-  J     *         ^ace  of  the  Marchantia  plant 

1  iG.  248.  The  cups  and  buds  of  ^ 

Marchantia  to  a  light  relation  gives  it  a 

^,cup.bearing  plant;  7?,  section  of  a  cup  general  resemblance   to   the 

showing  the  buds  arising  from  its  bot-    cell  structure  of  IcavCS  in  SCCd 
torn;  C,  a  bud  showing  the  two  growing       ,  ,    « 

points;  />,  young  plant  developing  from    Plants  and  lernS. 

<^be  ^^^  Some  individuals  of  Afar- 

chantia  (Fig.  248,  A)  will  usually  be  found  bearing  cups  (cupules) 
which  contain  numerous  green  bodies.  These  are  many-celled 
reproductive  organs,  called 
huds  (gemnue),  which  de- 
velop from  the  bottom  of  the 
cup  (Fig.  248,  B),  Each  bud 
lias  two  notches  at  opposite 
sides  (Fig.  248,  C),  which 
become  two  growing  points 
when  the  structure  falls  on 
its  side  upon  damp  earth  and 
l)egins  to  grow  (Fig.  248,  D). 
This  is  a  characteristic  and 
very  successful  method  of 
rapid  asexual  multiplica- 
tion in  Marchantia. 

The  sexual  organs  of 
Marchantia  are  developed 


Fk;.  240.   The  male  plant  of  Marchantia 

A,  male  plant  bearing  antheridial  receptacles; 
B,  lengthwise  section  of  a  rei^eptacle  (semi- 
diagrammatic),  showing  a  row  of  sunken 
antheridia  upon  the  upper  surface;  the 
youngest  lie  just  back  of  the  notches  in  the 
receptacle,  which  are  the  growing  jwints; 
air  chambers  are  also  shown  on  the  upper 
surface 
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Fig.  260.   Female  plant  of 
Marchantia 

Showing  the  umbrella-like  arche- 
gonial  receptacles  in  various 
stages  of  developmeut 

on  stalked,  umbrella-like 
receptacles,  which  are 
really  much-modified 
branches  of  the  thallus. 
Tliey  bear  either  anther- 
idia  or  archegonia,  and 
the  two  sexual  organs  are 
not  found  together  on  the 
same  plant.  The  anther- 
idial  receptacle  (Fig.  249, 
A)  is  shorter  than  the 
archegonial,  and  the  top 
is  a  flattened  disk  with  a 
lobed  or  scalloped  margin. 
The  antheridia  (Figs.  243, 
249,  B)  lie  in  cavities  or 
pts  along  radiating  lines 


Fig.  251.   The  female  receptacle  of 
^farchant^a 

At  portion  of  a  lengthwise  section  of  a  young 
receptacle  (scnii-diagraniniatic),  showing  a 
row  of  archegonia  hanging  down  from  the 
lower  surface,  the  youngest  being  nearest  the 
stalk :  air  chambers  are  present  on  the  uj)j)er 
surface;  /,  one  of  the  finger-like  lobes  back  of 
the  section,  the  (liamond-Hhjij)ed  areas  indi- 
cating air  chambers.  //,  a  yonng  8i)orophyte 
within  the  parent  archegonium:  the  region 
which  is  to  l)eeome  the  spore  case  is  indicated 
by  the  cross  lines,  and  the  small  foot  is  at- 
tached to  the  base  of  the  arcliegonium ;  e,  a 
special  envelope  developed  around  the  arche- 
gonia of  Marchantia 
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on  the  upper  surface  of  the  receptacle,  and  the  youngest  anther- 
idia  are  found  nearest  the  notches  which  mark  the  position  of 
the  growing  points  along  the  edge  of  the  disk.  The  archegonial 
receptacle  (Fig.  250)  is  larger  than  the  antheridial,  and  the  top 
is  bent  back  into  several  long,  linger-like  projections  like  the 
ribs  of  an  umbrella.  Numerous  archegonia  are  formed  in  Imes 
(Fig.  251yA)  on  the  under  side  between  the  lobes,  and  are  pro- 
tected by  singular  fringes.    The  youngest  archegonia  are  formed 


Fi(i.  2o2.   SiKJi-ophytes  and  recoptjick's  of  Marchantia 

A,  lower  view  of  nn  old  female  reeeptaele,  showinjjj  the  sporophyte^s  in  rows  between 
the  frinj^es  ./*,  like  peas  in  a  pod.  //,  section  of  a  receptacle  (diagrammatic), 
showing  a  mature  sporophyte  anchored  by  its  foot  and  projecting  beyond  the 
fringe/:  the  spore  case  is  open,  exposing  the  mass  of  elatei*s  el\  a  young 
sporophyte  is  shown  at  the  right  still  inclosed  within  the  archegonium  (ca- 
lyptra) ;  e,  special  envelopes  around  the  archegonia  and  sporophytes 

nearest  tlie  stalk,  so  that  the  oUler  ones  lie  farther  out,  —  an 
arrangenient  exactly  ()i)posite  from  that  of  the  antheridia.  This 
is  explained  by  the  fact  tliat  tlie  growing  points  which  lie  l)e- 
tweeii  tlie  IoIk's  grow  downward  and  underneath  towards  the 
stalk.  Tlie  edge  of  tlie  disk  is  thus  bent  back  on  itself,  and  the 
lower  surface  is  really  an  extension  of  the  upper  surface. 

A  number  of  archegonia  may  be  fertilized  in  Marchantia,  and 
their  eggs  then  develop  sporophytes  in  radiating  rows  on  the 
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lower  surface  of  the  receptacle  (Fig.  252,  A)  between  the  fringes. 
The  sporophyte  is  more  complex  than  in  tlie  Riccia  types.  The 
lower  pait  (Figs.  252,  i?;  253,  ^)  becomes  a  small  organ  of  at- 
tachment to  the  gametophyte,  called  the  footy  through  which 
it  obtains  water  with  food  in  solution.  The  upi)er  part  becomes  a 
8j[>ore  case,  developing  numerous  spores,  and  among  them  spirally 
marked  filaments,  termed  elatcrs  (Fig. 
253,  B),  which  are  stiff  and  elastic  and 
help  to  distribute  the  spores.  The  elaters 
are  developed  from  cells  in  tlie  young 
sjM>re  case.  The  spore  case  is  carried 
beyond  the  fringe  of  the  receptacle  (Fig. 
252,  B)  by  the  elongation  of  the  region 
above  the  foot,  which  forms  a  stalk.  The 
presence  of  a  foot  and  stalk  in  addition 
to  tlie  spore  case  marks  a  decided  ad- 
vance over  the  simple  sj)orophytes  of  the 
Riccia  types,  which  consist  of  the  spore 
case  alone. 

It  is  very  important  to  note  that  the 
sporophyte  has  this  close  attachment  to 
the  gametophyte  and  is  dependent  upon 
it  for  water  and  fo(xl  in  solution,  because 
it  shows  that  the  sporophyte  of  the  liver- 
worts really  lives  in  large  part  like  a 
panisite  u|)on  the  gametophyte  as  a  host. 

289.  The  Jungermannia  group.  This 
assemblage  (order  Jungeniianniaie.s)  is 
very  much  the  largest  group  of  the  liverworts  and  contains 
more  than  three  thousand  species.  They  are  known  as  tlie  h'afy 
liverworts  because  most  of  them  have  long  stems,  with  delic^ate, 
moas-like  leaves.  The  leafy  liverworts  are  freciuently  niistakiMi 
for  mosses,  since  they  are  common  on  tree  trunks  and  in  sli5nli'«l 
situations.  But  they  have  a  creeping  liabit,  and  there  are  t\v(» 
crowded  rows  of  large  leaves  (P'ig.  254,  J),  one  on  eaeli  sidt»  of 


Fk;.  2.kJ.    TIh'  sjjorophyte 
of  ^farrh(lntia 

Ay  longitudinal  swtion  of 
siM^ropliyto  showinj;  M|M)n' 
case  jMid  fcM)t  attacluMl  t<i 
the  bsise  of  the  an'hejro- 
ninni:  e,  a  spwial  (*nv«»l- 
oiHj.    //,  an  elate r 


Fig.  264.  The  female  plant  of  a  leafy  liverwort  (Porella) 

Ay  habit  sketch  of  the  upper  surface,  with  the  two  rows  of  leaves  at  the  sides;  //, 
a  portion  of  lower  surface,  showing  the  third  row  of  small  leaves  (amphigas- 
tria) ;  C,  the  stalked  sporophytes  with  open  spore  cases  «c ;  2>,  a  sporophy te 
with  the  spore  case  split  lengthwise  into  four  parts.  —  After  Campbell 


Fk;.  2.55.   The  antheridia  of  a  leafy  liverwort  (Porella) 

^.portion  of  male  plant,  illustrating  the  small  antheridial  branches  at  the  side; 
/i,  section  of  an  antheridial  branch,  showing  two  antheridia  situated  just  above 
the  attachment  of  the  leaves  / ;  (',  the  much-elongated  sperm,  with  the  two  cilia 
at  one  end  and  the  remains  of  the  parent  cell  at  the  other.  —  (\  after  Campbell 
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the  stem,  and  a  third  row  of  small  modified  leaves  on  the  lower 
surface  (Fig.  254,  B).  The  stems  of  mosses,  on  the  contrary,  are 
almost  always  upright,  and  the  leaves  are  arranged  radially,  so 
that  the  stem  has  no  upper 
or  lower  surface. 

The  antheridia  of  the 
leafy  liverworts  are  borne 
singly  along  the  stem  at 
the  bases  of  the  lateral 
leaves  (Fig.  255,  B)  on  cer- 
tain branches  which  are 
frequently  much  smaller 
than  the  vegetative  shoots 
(Fig.  255,  A),  Tlie  arche- 
gonia  are  developed  m  clus- 
ters at  the  ends  of  branches. 

The  sporophyte  (Fig. 
256,  A)  has  a  stalk  which 
elongates  rapidly  just  be- 
fore the  spores  are  ready  to 
l)e  shed,  so  that  the  spore 
case  is  raised  above  the 
gametophyte  (Fig.  254,  C), 
as  in  the  mosses.  How- 
ever,the  spore  case  is  nmch 
less  complex  than  that  of 
the  mosses,  being  a  simi)le 
capsule  that  splits  length- 
wise into  four  parts  at  maturity  (Fig.  254,  D).  There  are  spirally 
thickened  filaments,  or  elaters  (Fig.  256,  C),  among  the  spores, 
as  in  Marchantia,  and  these  structures  are  not  found  in  the 
mosses.  The  foot  of  the  sporophyte  (P'ig.  256,  A)  is  always  well 
developed  in  the  leafy  liverworts.* 

•  To  THE  Instructor  :  Good  material  of  the  leafy  liverworts  f reciuently 
furnishes  better  subje'kts  for  tyi)e  study  of  the  liverworts  than  Marchantia. 


Fig.  2t)6.  The  sj)orophyte  of  a  leafy 
liverwort  (Porella) 

A,  section  of  a  sporophyte  still  contained  with- 
in the  parent  archegoniiun,  whose  neck  n  is 
shown  above,  the  foot  deeply  sunken  in  the 
tissue  of  the  gametophyte :  a,  archegonia  of 
the  terminal  group,  which  were  not  ferti- 
lized ;  /,  leaf-like  envelopes.  li,  the  four-lobed 
spore  mother  cell,  which  develops  four  spores 
(tetrad).    C,  an  elater 
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290.  The  Anthoceros  group.  These  tyi)es  (order  Anthocero- 
tales)  are  considered  the  highest  of  the  liverworts  because  of 
their  more  complicated  sporophytes.  The  gametophji^es  are  tlial- 
loid  (Fig.  257),  somewhat  irregular  in  outline,  and  more  simple 
in  structure  than  those  of  Marchantia,  The  sporophytes  are  an 
inch  or  more  in  height,  and  grow  up  from  the  gametophyte  like 
blades  of  grass.  The  upper  portion  splits  lengthwise  into  halves 
at  maturity. 

The  spores  of  Anthoceros  do  not  all  mature  at  once,  as  in  other 
liverworts,  but  new  spores  are  formed  at  the  base  of  the  sporo- 
phyte  as  the  older  mature  (Fig.  258,  .-1), 
and  there  is  a  continuous  elongation  of 
the  structure  during  the  summer  from  a 
basal  region  of  growth.  Tlie  cells  com- 
posing the  wall  of  this  long  sporophyte 
contain  large  single  chromatophores  (Fig. 
258,  E),  and  there  are  breathmg  pores, 
or  slomata  (singular,  stoma,  meanuig  a 
mouth),  t)n  tlie  surface  (Fig.  258, />),w]iic]i 
lead  into  intercellular  spaces  in  tlie  green 
tissue  beneath.  (,bnse(|uently  the  sporo- 
pliyte  is  able  to  manufacture  its  own  food 
The  thaiioid  sexual  plants   1,^  photosvnthesis,  as  anv  Ln-een  plant  may 

(i^-ametophvtcs),  with  the     /       ,         .  "^  ,  "   ,  .       " 

sporophytes  s  in  various   do.    lUit  it  depends  upon  the  gametophyte 
stages  of  development       £(,j.  j^g  ^upplv  of  water,  which  is  absorbed 
through  a  large  bulbous  foot  (Fig.  258,  A)  that  is  deeply  im- 
bedded in  the  thallus  of  the  gametophyte. 

If  the  base  of  this  sporophyte  could  establish  a  root^like 
structure  growing  in  the  soil,  it  might  live  independently  of  the 
parent  gametophyte,  for  it  has  chlorophyll-bearing  tissues  in 
communication  with  the  air  through  stomata,  just  as  in  the 
ferns  and  seed  plants.  And  it  has  also  the  power  of  indefi- 
nite growth  from  its  basal  region  (Fig.  258,  A),  limited  only  by 
the  length  of  the  summer  season.  These  peculiarities  of  the 
sporophyte  of  Anthoceros  are  very  suggestive   of  the  way  in 


Fi(i 


.  257.   Habit  sketch 
of  Anthoceros 
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which  higher  plants  must  havearisen 
from  forms  somewhat  like  the  liver- 
worts, a  subject  which  we  shall  con- 
sider later  in  our  account  of  the  ferns 
(Sec  331).  Of  all  the  bryophytes, 
this  seems  to  be  the  genus  which 
most  closely  approaches  the  higher 
plants.  This  account  of  plant  evo- 
lution is  now  well  started  towards 
the  higher  conditions  of  plant  devel- 
opment, namely,  those  of  the  ferns 
and  seed  plants  whose  sporophyte 
generations  are  independent  plants 
with  roots,  stems,  and  leaves,  and 
which  comprise  the  most  independ- 
ent and  successful  vegetation  on  the 
earth. 


CLASS  II. 


THE  MOSSES,  OR 
MUSCI 


291.  The  mosses.  The  mosses  are 
very  much  more  numerous  than 
the  liverworta  Some  of  the  com- 
mon kinds  grow  in  extensive  caq)ets 
on  hillsides  and  in  forests,  becom- 
ing important  factors  in  the  plant 

A,  longitodioal  section  (semMiagrammatir) 
through  the  baae  of  the  sporophyte,  Hhowlnj; 
the  large  foot  imbedded  in  the  tissue  of  tlie 
gametopbyte,  the  region  of  jcrf^wth,  and  tlie 
spore-prod ncfng  tissoe  which  forms  a  ryli ri- 
der in  the  center  of  the  stallc :  H,  a  Krr>iip 
(tetrad)  of  four  spores  (thn;^  shown)  in  a 
spore  mother  cell:  f\  spores:  />.  a  stoma 
viewed  from  tbesorfare:  ^.sertion  thronjfh 
a  stoma,  abowlog  <rells  with  large  ^in^le 
chromatopboie*  mider  the  surface  layer 
(epidennte) 


Y\t».  'I'M.    Th«'  •'jr'.ropiijt/-  f,l 
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formations  of  many  regions.    The  peat  mosses  are  the  chief  in- 
habitants of  certain  kinds  of  bogs  and  pond  margins.   The  mosses 

therefore   constitute  a  group  of 

considerable  importance   in   the 

plant  population  of  the  earth,  while 

the  liverworts  are  for  the  most 

part   confined  to  rather    special 

life  habits  and,  with  the  exception  of  the 

leafy  liverworts,  are  not  rich  in  species  or 

^       numerous  in  individuals.    Almost  all  of  the 

ijn^s>je3  fall  into  two  groups,  which  may  he 

rrall^^Ji  the  ftt'tft  viosses  and  the  common  viosses. 

292.  The  peat  mosses.  The  peat  mosses  (order 
Sphafjmdea)  are  very  remarkable  for  their  struc- 
ture and  life  habits.  There  is  only  a  single  genus, 
Hphdfjnum,  with  al)out  two  hundred  and  fifty 
spjcie-s.  Tlie  plants  (gametophytes)  have  long 
.^Irrnw,  with  delicate,  leafy  branches,  some  of 
wliich  f^Tiiw  downward  and  soak  up  water,  while 
the  n^^t  furin  ix  dense  duster  at  the  top  (Fig.  25!)). 
Tlie  ]H*ruliar  structure  of  these  mosses  allows 
theni  Ui  {jbsorb  and  hold  water  like  a  sponge,  for 
which  reason  tht\v  aie  used  ])y  gardeners  for 
packintf  around  plants  and  flowers.  The  dried 
]no^s  13  5(iiiielinies  used  for  bedding  in  stables. 
The  si'xusU  organs  (antheridia  and  archegonia) 
are  ft^rmed  v(iry  early  in  the  spring  or  in  the 
Lite  \viiit(*r,  and  tlie  fertilization  of  the  e<^g 
leads  at  once  to  the  development  of  a  sporophyte. 
The  sporophytes  are  large,  smooth  capsules  (Fig. 
200,  A),  wliieli  appear  to  have  stalks,  but  these 
are  really  special  develo]>uients  of  tlie  gametophytes.  The  spore 
case  is  attac^hed  to  the  to]>  of  tlie  stalk  ])y  a  large  foot  and  ojiens 
by  a  cover  (Fig.  200,  />,  r),  wliich  falls  off.  The  spores  on  ger- 
mination produce  small  Hat  cell  plates,  out  of  which  the  leafy 


Vu..  2;V.) 

'I'lic  iM'iit  moss 

{S]>/i(itjnHin  ) 
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peat  mosses  arise  from  special  buds.  These  cell  plates  suggest 
the  simple  thalloid  gainetophy tes  of  the  liverworts,  and  the  leafy 
structure  is  perhaps  a  special  development  from  them. 

Tlie  peat  mosses  live  in  l)ogs  and  swamps  and  are  especially 
common  in  northerly  regions  and  in  the  mountains,  where  they 


Fuj.  2(M).  TTi<>  si><)roi)liyte  of  the  peat  moss  (Sphagnum) 

At  proup  of  the  sporophytivs  on  stalks,  which  are  really  growths  from  the  game- 
tophyte.  //,  lofij^itndinal  s(»ction  through  a  s|K>rophyte,  showing  the  large  foot 
imh<Hhle(l  in  the  top  of  the  stalk:  «,  the  remains  of  the  parent  ar(>hegoniuiD, 
with  the  neek  still  i»resent ;  *,  siM)re  chamher;  c,  cover 

grow  over  wet  rocks,  sometimes  covering  hirgc  ai*eas.  They 
deveh)p  so  nipidly  that  they  frecjuently  fill  ponds  and  hogs. 
The  first  growth  is  around  the  edges  of  the  pond,  hut  this  grad- 
ually works  inward,  until  finally  the  whole  surface  is  covered 
with  ])eat  moss.  Such  conditions  produce  (piaking  hogs,  for  the 
surface  is  not  firm  enough  to  hold  any  large  animal  which 
might  walk  upon  it.    Quaking  bogs  become  firmer  as  the  lower 
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parts  of  the  peat  mosses  die  and  form  a  fibrous  deposit  below. 
These  deposits  may  grow  to  be  many  feet  in  thickness,  and 
finally  become  so  firm  that  they  can  be  cut  out  in  blocks.  Such 
blocks  when  dried  are  used  for  fuel,  especially  in  Ireland  and 
in  the  Highlands  of  Scotland.  There  are  regions  of  the  north- 
em  United  States,  Canada,  Europe,  and  Asia  where  the  peat 
mosses  cover  immense  territories,  and  there  are  innumerable 
bogs  filled  with  deposits  of  peat  which  may  sometime  become 
important  sources  of  fuel  supply. 

Peat  bogs  ai*e  generally  poorly  drained  or  not  drained  at  all, 
and  the  water  becomes  very  rich  in  certain  organic  acids  that 
result  from  the  partial  decomposition  of  the  vegetation.  The 
accumulation  of  these  acids  renders  the  water  unfit  for  the 
growth  of  bacteiia  and  is  largely  responsible  for  the  preservation 
from  decay  not  only  of  the  remains  of  the  peat  mosses  but  of 
other  plants  with  them.  It  is  said  that  whalers  and  other  shi]>s 
from  the  New  England  coast  when  starting  on  long  voyages 
preferred  to  take  their  supplies  of  drinking  water  from  peat 
bogs  because  of  its  keeping  <|ualities.  Occasionally  the  bones 
of  extinct  animals,  such  as  the  mammoth  and  mastodon,  are 
found  in  j)eat,  since  these  gigantic  creatures  became  mired  in 
the  soft  bogs  of  former  periods. 

As  a  quaking  bog  becomes  firmer,  other  plants  begin  to  grow 
among  the  j>eat  mosses.  Certain  grasses  appear,  some  chame- 
teristic  orcliids  {Calopogoii,  Pogonia,  Arethusa,  Cypripcdium, 
etc.),  tlie  insectivorous  plants  Sarracenia  (Fig.  311)  and  Drosera 
(Fig.  312),  such  heaths  as  the  swamp  cranberry,  swamp  blue- 
berry, swamp  azalea,  and  Lal)rador  tea,  and  certain  trees,  as  the 
larcli  or  tamarack  (Larix),  black  spruce  {Picea),  the  arbor  \\Uv 
{Thni/a),  and  the  white  cedar  (Chamari/paris).  These  plants,  in 
various  combinations  with  the  peat  mosses,  form  verj^  character- 
istic associations,  and  they  furnish  some  of  the  best  illustrations 
of  wliat  the  ecologist  calls  j^^^^^^f  formations.  The  northeastern 
Ihiited  States  and  Canada  are  full  of  examples  of  this  interest- 
ing feature  in  tlie  natui'al  history  of  the  Sphagnum  swamp. 
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293.  Common  mosses*"* 

Tlie  common  moss4.^s  (or- 
der Br y ales)  are  faiuiliar 
because  of  the  occunt^nctj 
of  numerous  specie;^  with 
conspicuous  upright  steins, 
which  develop  the  loii*j[- 
stalked  sporophytes  with 
characteristic  terminal 
spore  cases  ( Figs.  261,265)- 
It  is  a  very  large  ^^(^up, 
containing  over  eight  thou- 

'  -"v^cies,  and  is  by  Ear 
.uinierous  riH^nem- 
the    bryophytea, 
ssesgrow 
"^■eatest  va- 
situations, 

^^^/amps  and 
----..^^  .  the  water 
"ms, in  moist 
«ind  .Si.aded  wckmIs, 
in  open  fields,  and 
<m  relatively  diy 
hillsides  and  rocks. 
They  jKirform  an 
im[K)rtant  service 
to  plant  life  in 
holding  back  nuich 
of  the  rainfall, 
allowing  it  to 
sink  into  the  eaith 


Fk;.  261.   A  nommon  moss  (Cntharinea  undulata) 


Showing  the  hran<*hinj;  leafy  moss  plants  (f^anicto- 
phytes)  attaoh(Ml  to  the  n>ot-like  mass  of  protoncinal 
AlamcDts  and  1>earinji:  sporopliytes.  —  After  Sachs 


•  To  THE  iNSTRroTOR :  In  a  short  course  it  is  best  to  present  the  life  his- 
tory of  bryophy  tes  through  a  somewhat  detailed  study  of  one  of  the  common 
moHses,  followed  by  general  studies  of  a  variety  of  fonnt  of  m  Ad  Uver- 

wort«. 
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instead  of  running  rapidly  off  in  floods.  The  lichens  and  mosses 
are  among  the  first  plants  to  appear  on  barren  soil  or  exposed 
rocks  and  cliffs,  and  are  also  the  plar'  pioneers  that  push 
their  way  up  mountains  and  into  the  arctic  regions  where  no 
other  vegetation  can  live. 

294.  The  life  history  of  a  moss.  Tlie  life  history  of  the 
common  mosses  is  more  complex  than  that  of  a  liverwort.  The 
moss  spore  -does  not  develop  directly  into  the  leafy  moss  plant.    It 


prim 


Fio.  262.   The  protoneraa  of  a  common  moss  (Funaria) 

prim,  primary  shoot;    Z*r,  branches  from  primary  shoot;  ;;/,  young  moss  plant 
or  bud.  —  After  Sachs 

produces  a  preliminary  filamentous  growth,  called  the  pro  to  ncm  a 
(meaning  preliminary  thread),  which  sometimes  forms  an  exten- 
sive network  over  the  ground,  resembling  at  first  sight  such 
terrestrial  algie  as  certain  s})ecies  of  Vaucheria.  The  protonemal 
filaments  (Fig.  262),  liowever,  consist  of- cells  placed  end  to  end 
(they  are  never  coenocytic) ;  they  have  generally  oblique  cross 
walls  and  contain  numerous  disk-shaped  chloroplasts.  Tliere 
are  no  algae  known  which  the  protonema  resembles  in  detail, 
and  yet  this  phase  in  the  life  history  suggests  what  may  have 
been  the  life  habits  of  ancestors  of  the  mosses.    Certain  cells  of 
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the  protonema  change  their  methods  of  cell  division  and  develop 
small  buds  (Fig.  262,^/)  which  grow  into  the  leafy  moss  plants 
(Fig.  263).  One  moss  spore  may  give  rise  to  a  great  quantity  of 
protonema,  which  by  means  of  the  numerous  buds  will  form  a 
large  group  or  even  a  turf  of  moss  plants.  Tlierefore  the  protonema 
is  a  very  effective  means  of  establishing  the  large  carpets  of  moss 
vegetation.  The  leafy  moss  plant  develops  the  sexual  organs  in 
clusters  at  the  top  of  the  stem 
and  has  further  peculiarities  of 
structure  which  will  be  described 
later.  Tlie  protonema  together 
with  the  leafy  moss  plant  consti- 
tute the  sexual  or  gametophyte 
phase  of  the  Ufe  histor}-. 

The  fertilization  of  an  egg  in 
an  archegonium  starts  at  once  the 
development  of  the  sporophyte, 
often  called  the  moss  fruit.  Tlu* 
fertilized  egg  gives  rise  to  a  many- 
celled  structure  (Fig.  264,  ./). 
which  establishes  a  growing  point 
above  and  a  foot  attachment  to 
the  gametophyte  below.  This 
young  sporophyte  is  contained  at 
first  entirely  within  the  parent 
archegonium, which  enlarges  with 
its  development  (Fig.  264,  B,  a). 
But  finally  the  growth  of  tlie 
sporophyte  is  so  rapid  that  the  arcliegoniuni  is  torn  away  at  its 
base  and  borne  upwards  on  the  elongating  stalk  of  the  sporo- 
phyte. The  remnant  of  the  archegonium  then  covers  the  tip  of 
the  stalk  like  a  cap  (Fig.  265,  B,  cal)  and  is  called  tlie  calypira 
(meaning  a  veil),  which  must  serve  a  useful  piiriM)se,  ])role('ting 
the  delicate  growing  tip  of  the  sjMn-ophyte.  Hiially,  the  U\)  of 
the  sporophyte  enlarges  and  becomes  the  complex  spore  case 


Kk;.  203.    A  yoiiii^  i)lant  of  a  com- 
mon moss  (H'eVxTrt) 

Showing;  its  attachment  to  the  proto- 
neinal  tUaments  whi<h  bear  repro- 
<luctive  buds  b 


Fig.  2G4.   Developing  sporophytes  of  a  com- 
mon moss  {Funaria) 

A,  very  young  stage,  showing  the  early  cell 
divisions  of  the  egg  ;  />,  older  sporophyte  just 
before  the  archegoniuni  a  is  torn  away  from 
the  gametoi)hyte  and  carried  upward  as  the 
calyptra.  The  base  of  the  sporophyte  has 
now  «;rown  down  into  the  tip  of  the  leafy  moss 
plant  (gametophyte)  and  is  firmly  anchored 
to  it.  —  After  Sachs 
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Fig.  266.   A  common  moss 
{Polytrichum  commune) 

A,  male  plant,  showing  cup-like 
tip  containing  the  antheridia. 

B,  female  plant  with  the  spo- 
rophyte :  caly  cap,  or  calyptra, 
over  the  developing  spore  case. 

C,  a  mature  spore  case  -with 
the  calyptra  removed 
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(Fig.  265,  C).  The  development  of  the  asexual  spores  in  the 
spore  case  ends  the  life  history  of  the  moss  plant,  which  may 
be  formulated  as  follows : 

^       .     7    .   /  protonema  and  \  ^sperm^ 

Gametophyte  [^l^^^  ^^^^  ^\aui)<   egg   >  "  Sporophyte 

—  asexual  spore  —  Gainetophi/te,  etc. 

This  in  abbreviated  form  becomes 

G <">  ^S-sp^G <">  ^S^sp^G,  etc. 

This  formula  is  identical  with  the  general  life-history  formula 
presented  for  the  bryophytes  in  Sec.  285,  and  it  is  clear  that 
gametophyte  and  sporophyte  alternate  with  one  another. 

295.  The  leafy  moss  plant.  The  leafy  moss  plant  is,  of 
course,  the  conspicuous  part  of  the  gametophyte  phase  of  the 
life  history.  It  consists  of  an  upright  stem,  branching  in  some 
forms,  with  the  leaves  almost  always  distributed  spirally.  The 
symmetry  of  the  plant  is  therefore  radial  instead  of  having  an 
upper  and  a  lower  side  (dorsi ventral)  as  in  the  leafy  liverworts. 
The  leaves  consist  for  the  most  part  of  simple  plates  of  cells, 
which  in  some  forms  can  become  dry  and  still  retain  their 
vitality,  freshening  up  with  the  next  rain.^  Tlie  moss  plant  is 
fastened  to  the  earth  by  filaments  of  protonema  (Fig.  263), 
which  grow  out  from  the  base  of  the  stem  and  form  a  dense 
network  underneath  the  moss  plants  (Fig.  261).  Tliis  proto- 
nema becomes  brown  with  age  and  serves  as  a  system  of  root-like 
filaments,  or  rhizoids,  by  which  the  moss  plant  obtains  water 
from  the  soil.  The  growth  of  the  stem  normally  ends  with  the 
production  of  a  terminal  group  of  sexual  organs,  both  of  which 
(antheridia  and  archegonia)  are  found  on  the  same  plant  in 
some  sj^cies  and  on  different  plants  (male  and  female)  in 
others.    Male  plants  are  generally  smaller  than  the  female  ones 

1  The  colls  of  the  moss  leaf  are  excellent  subjectfl  for  study  and  have 
been  descrihcd  in  Sec.  195  and  illustrated  in  Fig.  160. 
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and  more  easily  distinguished  (Fig.  265,  A)  because  the  orange 

or  reddish-brown  clusters  of  antheridia  lie  exposed  at  the  tip 

of  the  stem  and  are  sometimes   surrounded  by  a   circle    or 

rosette  of  modified  or  colored  leaves.    Female  plants  are  larger, 

and  the  archegonia  are  hidden  by 

enveloping  leaves,  which  must  be  .^^^^^^^^ 

picked  off  to  expose  these  sexual 

organs.    The  antheridia  (Fig.  2  66,a)  ^M'^ff^^^ 


and  archegonia  (Fig.  268,  A)  are 


Fw.  2(k).   Section  tliroiigli  tlie  tip  of  the 
male  j)lant  of  a  moss  (Funaria) 

a,  anthoridium;  /,  sterile  filament,  or  para- 
l)liysis;  /,  leaf 


Fio.  207.  The  antheridiura  of 
a  common  moss  (Funaria) 

a,  antheridium ;  b,  escaping 
sperms ;  c,  a  single  sperm  in 
its  parent  cell.  —  After  Sachs 


sometimes  numerous  in  the   clusters   and  lie  among  hair-like 
structures   (paraphyses). 

The  mature  antheridia  and  archegonia  open  only  when  wet 
by  the  swelling  and  separation  of  a  group  of  cells  at  their  tips. 
The  si)erms  (Fig.  267,  h)  are  discharged,  then,  after  rains  or  heavy 
dews,  so  that  the  moss  at  that  time  is  practically  living  an 
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aquatic  life.  The  archegonia  (Fig.  268,  B)  have  very  long  necks, 
and  the  relatively  small  egg  lies  at  the  bottom  as  in  a  flask. 
The  s^ierms  are  attracted  to  the 
mouth  of  the  o\yQn  archegonium  by 
substances  in  the  mucilage  within 
the  neck,  one  of  which  at  least  is 
sugar.  They  swim  down  the  neck 
to  the  e^^'gy  and  one  of  them  fertil- 
izes it. 

296.  The  sporophyte  of  the 
moss.  The  sporophytes  of  some  of 
the  common  mosses  are  the  most 
complex  found  among  the  br^'o- 
phytes,  with  the  possible  exception 
of  those  of  Anthoceros.  Tliere  is 
generally  a  long  stalk  which  bears 
a  large  spore  case  (Fig.  269,-4).  The 
structure  of  the  spore  case  is  very 
elaborate.  A  cover  (oi^erculum)  is 
formed  at  the  end,  which  falls  off 
so  that  the  spores  may  escape  from 
within.  In  many  mosses  the  cover 
is  loosened  and  thrown  off  by  an 
interesting  mechanism,  which  is 
sometimes  very  highly  developed. 

Tliere  may  be  a  circle  of  cells  with  ^^'':J^\  1?A'?".^'!?"A^  J^!.! 
thickened  and  otherwise  modified 
cell  walls,  forming  a  well-defined 
ring  (Fig.  269,  J,  r)  around  the  six)re 
case  underneath  the  cover.  These 
cells  change  their  form  when  wet, 
sometimes  swelling  gi'eatly  (Fig. 
269,  C),and  thus  loosen  or  tear  the  cover  away  from  the  siK)re  case. 

Tlie  rim  of  the  opening  formed  wlien  the  cover  falls  off  is 
surrounded  by  a  circle  of  pointed  triangular  structures  called 


tip  of  <a  female  plant  uf  a  moAS 
(Funaria) 

At  group  of  archegoniaa:  /,leaf.  B, 
an  arrhegoiiium  in  detail,  show- 
ing; enlarged  buHal  ixtrtion  e  with 
the  egg,  and  the  neck  7i  above  with 
its  row  of  canal  cells:  »i,  mouth. 
—  After  Sachs 
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teeth  (Fig.  269,  B,  t),  which  meet  at  the  center  of  the  opening 
when  folded  inwards.  The  number  of  teeth  is  fixed  for  differ- 
ent mosses.  Under  the  circle  of  teeth  various  mosses  have 
another  circle  of  much  more  delicate  segments  (Fig.  269,  B,  s) 


Fig.  200.   The  spore  case  of  a  common  moss  {Bryum) 

A,  the  closed  spore  case:  c,  the  cover  (operculum);  r,  the  ring.  Z?,  the  rim  of 
an  open  spore  case,  showinj^  the  outer  circle  of  teeth  t,  inside  of  which  is  indi- 
cated the  inner  circle  of  delicate  sejjnients  s:  ,sp,  spores.  C,  the  cover  after 
remainino:  for  a  minute  in  water:  the  cells  of  the  ring  r  have  absorbed  the 
water  and  have  swollen  so  that  the  ring  has  broken  and  curled  backwards  on 
two  sides 

of  the  same  number  and  general  form.  The  teeth  are  sensitive 
to  moisture,  curling  inwards  and  outwards  with  changes  in  the 
amount  of  vapor  in  the  air,  and  by  these  movements  they  prob- 
ably help  in  some  types  to  empty  the  case  of  its  spores,  retain- 
ing them  in  wet  weather  and  letting  them  fall  out  in  dry. 
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Tlie  lower  portion  of  the  spore  case  has  stomata  (Fig.  270,  i>), 
and  there  is  much  chlorophyll-bearing  tissue  in  the  moss  fruit 
that  is  capable  of  domg  the  work  of  photosynthesis  just  as  in 
Anthoceros,  But  this  sporophyte  is,  of  course,  dependent  upon 
the  gametophyte  for  its  supply  of  water,  which  is  taken  up 
through  the  pointed  foot  of  the  stalk  that  is  deeply  sunken 
in  the  top  of  the  leafy  moss  plant  (Fig.  264,  B),    The  spores 


Fio.  270.  The  sporophyte  of  a  common  moss  (Funaria) 

Ay  voung  sporophyte  s  attached  to  the  leafy  moss  plant  and  covered  hy  the  calyptra 
tad.  IJ,  8i)orophyto  with  mature  sjwre  case  sc  and  calyptra  cul  at  the  tip.  C, 
spore  case  with  calyptra  removed:  o,  the  cover  (operculum).  />,  a  stoma  from 
the  surface  of  the  8iK)re  case.  /?,  section  of  younjij  spore  case,  showing  the 
cylindrical  central  rc<:ion  of  spore-producing  tissue  sp.  F,  the  spore-producing 
tissue  in  detail.  —  Adapted  after  Camphell 

are  develojx^d  in  groups  of  four  (tetrads)  within  spore  mother 
cells  (Fig.  270,  F,  sp),  which  form  a  barrel-shai)ed  tissue  (Fig. 
270,  F,  sj))  within  the  spore  case. 

In  spite  of  the  immense  numbers  of  species  in  the  Brt/ales, 
the  order  is  clearly  separated  from  other  groups  of  bryophytes 
as  a  side  line  of  plant  evolution,  and  its  families  and  genera  are 
distinguished  by  relatively  minor  differences. 
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THE  OEIGIN  AND  EVOLUTION  OF  THE  BRYOPHYTES 

297.  The  origin  of  the  bryophytes.  The  origin  of  the  bryo- 
phytes  is  a  mystery.  They  have  of  course  arisen  from  the  algse, 
but  there  are  no  living  algae  that  resemble  the  bryophytes  at  all 
closely.  Coleochcete  ^  and  the  stoneworts  {Charales)  are  the  types 
most  frequently  considered  in  relation  to  the  mosses.  But  the 
sexual  organs  of  Coleochcete  are  one-celled,  and  the  female  organ 
of  Chara  bears  only  a  superficial  resemblance  to  an  archegonium, 
while  its  antheridium  is  totally  unlike  any  other  male  organ. 
There  must  have  been  formerly  some  group  of  the  algse,  prob- 
ably in  the  Chlorophycece,  distinguished  by  having  many-celled 
sexual  organs  from  which  the  antheridium  and  archegonium  of 
the  bryophytes  arose ;  for  these  complex  sexual  organs,  together 
with  the  characteristic  sporopliy  te  generation,  constitute  the  chief 
advance  of  the  bryophytes  over  the  algse. 

298.  The  evolution  of  the  bryophytes.  The  evolution  of 
the  bryophytes  is  clearly  related  to  the  change  from  the  aquatic 
habits  of  the  algie  to  the  land  habit.  Living  upon  the  land  exposes 
the  plant  to  the  drying  effects  of  the  air  and  demands  at  once  im- 
portant structural  adaptations,  that  is  to  say  the  plant  must  either 
develop  a  firm  cell  structure  so  that  drying  up  will  not  injure 
the  tissues  seriously,  or  else  it  must  maintain  a  constant  con- 
nection with  water  through  the  surfaces  of  filaments  (rhizoids) 
which  are  directly  in  contact  with  moisture.  Many  of  the 
mosses  and  leafy  liverworts  have  solved  the  problem  in  the  first 
way  and  may  become  quite  dry  without  serious  injury.  The  Ric- 
ci'i  and  March nntiu  forms  and  Antlwceros,  on  the  other  hand, 
are  clearly  adapted  to  the  second  alternative  and  die  at  once 
if  removed  from  water  or  moist  earth.  The  creeping  habit  and 
thallus  structure  of  the  simpler  liverworts,  while  of  advantage 

1  The  fructification  of  CoJochcvte  has  frequently  been  compared  to  a  sim- 
ple type  of  si)()i(>phy(e.  sonicwluit  like  those  found  in  the  Riccia  group  of  the 
liverworts.  Heccnt  invesiigations,  however,  indicate  that  this  comparison 
is  not  justified,  and  that  tlie  fructification  is  not  sporophytic  at  all.  See 
Sec.  330  on  tlie  origin  of  the  sporophyte. 
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in  some  situations,  do  not  constitute  so  effective  a  plant  body  as 
a  leafy  stem  with  an  erect  habit,  which  secures  a  much  greater 
exposure  to  air  and  light.  Accordingly  the  appearance  of  leafy 
stems  marked  a  great  advance  over  the  thallus  structure.  This 
new  form  of  bryophyte  plant  body  reached  its  highest  develop- 
ment when  the  stem  became  erect  with  the  leaves  arranged 
spirally,  as  in  the  mosses,  so  as  to  give  a  radial  symmetry. 

It  is  quite  safe  to  say  that  the  adoption  of  the  land  habit 
was  the  chief  cause  of  the  rapid  advance  of  the  bryophytes  over 
the  algie.  The  advance  in  vegetative  structure  is  generally  most 
marked  in  the  gametophyte  phase  of  the  life  history,  although 
the  sporophytes  of  such  types  as  Anthoceros  and  certain  mosses 
are  clearly  higher  than  the  gametophytes.  It  may  l)e  noted  in 
this  connection  that  the  next  great  forward  step  in  .the  evolu- 
tion of  plants  came  in  the  fern  group,  or  pteridophytes,  when 
the  sporophyte  generation  adopted  the  land  habit  and  became 
independent  of  the  gametophyte.  However,  this  subject  will  be 
taken  up  in  the  next  chapter. 

SUMMARY  OF  THE  BRYOPHYTES  AND 
THALLOPHYTES 

299.  Bryophytes  and  thallophytes  compared.  It  is  possible 
at  this  point  to  make  clear  the  fundamental  reasons  for  the 
separation  of  the  spore  plants,  so  far  studied,  into  the  two  great 
divisions  of  the  plant  kingdom  called  the  Thallophyta  and  Bryo- 
phyta.  It  will  l)e  seen  that  the  bryophytes  have  a  set  of  verj- 
clearly  defined  characters,  while  the  thallophytes  are  distin- 
guished largely  by  the  absence  of  these. 

300.  Summary  of  the  bryophytes.  The  sexual  organs  are 
many-celled  structures  differentiated  into  female  organs  (arche- 
gonia)  and  male  organs  (antheridia).  The  fertilized  egg  develops 
at  once  into  an  asexiial  generation,  or  sporophyte,  which  pro- 
duces asexual  spoirs  in  groups  of  four,  or  tetrads,  within  cer- 
tain cells  called  sjwre  mother  cells,    Tlie  s|)orophyte,  often  called 
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the  fruit,  alternates  with  the  sexual  generation,  or  gametophyte, 
and  is  always  attached  to  it  and  dependent  upon  it  for  water 
and,  at  least  in  large  part,  for  certain  foods.  The  asexual  spores 
produced  by  the  sporophyte  are  of  a  new  type  not  found  in  the 
thallophytes. 

Class  I.  The  liverworts,  or  Hepaticce,  Tliis  class  is  character- 
ized by  relatively  simple  sporophytes  {Anthoccros  excepted). 
The  gametophytes  are  thalloid  except  in  the  leafy  liverworts, 
and  have  distinct  upper  and  lower  surfaces  (dorsiventral 
symmetry  V 

Class  II,  The  mosses,  or  Musci.  These  have  relatively  com- 
plex sporophytes,  whose  spore  cases  open  by  covers,  and  the 
rim  of  the  spore  case  is  frequently  fringed  by  a  circle  of  teeth. 
The  gametophytes  have  erect  leafy  stems,  and  the  leaves  are 
generally  arranged  spirally  (radial  symmetry). 

301.  Summary  of  the  thallophytes.  The  sexual  organs  are 
almost  always  one-celled  structures.  The  chief  exceptions  are 
the  so-called  plurilocular  sporangia  of  the  brown  algre  (Sec.  235) 
and  the  peculiar  antheridium  of  the  stone  worts  (Sec.  230). 
There  is  no  organ  in  the  thallophytes  resembUng  the  archegonium 
in  structure  or  development.  There  is  no  alternation  of  sexual 
generations  with  asexual  in  most  of  the  thallophytes.  However, 
in  the  red  algie  {Rhodopliycccv)  and  the  sac  fungi  {Ascomycetcs) 
the  fertilized  female  cell  produces  peculiar  fructifications  called 
cystocarps  and  ascocarps,  which  develop  asexual  spores  and 
constitute  phases  in  the  life  history,  alternating  with  the  sexual 
plants.  These  phases  are  sporophytes,  and  there  is  a  true  alter- 
nation of  generations  in  the  red  algoB  and  sac  fungi,  but  these 
structures  are  pecuUar  and  are  believed  to  be  independent  de- 
velopments in  iliese  two  remarkable  groups  and  not  related  to 
the  sporopliytes  of  the  bryophytes.  None  of  the  thallophytes 
have  sexual  plants  resembhng  in  detail  those  of  the  liverworts  or 
mosses.  The  plant  body  is  generally  a  thallus,  though  the  variety 
of  form  is  very  great,  but  the  highest  types  in  the  brown  and 
red  algie  are  differentiated  into  stems,  leaf-like  structures,  and 
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holdfasts.  The  cell  structure  of  the  thallophytes  is  generally 
much  simpler  than  that  in  the  plant  bodies  of  the  bryophytes, 
which  owe  their  complexities  of  cell  structure  chiefly  to  the 
varied  conditions  introduced  by  the  land  habit;  for  the  land 
habit  requires  the  plant  to  protect  itself  from  drying  up,  in 
the  air.  This,  in  general,  means  that  a  land  plant  must  obtain 
water  from  the  soil  through  some  kind  of  organs  adapted  for  that 
purpose  (rhizoids  or  roots).  And,  as  a  rule,  a  land  plant  soon 
differentiates  a  protective  layer  of  cells  (epidermis),  which  helps 
to  hold  the  water  within  its  tissues.  Tliese  structures  are  either 
entirely  absent  or  present  in  gi*eatly  reduced  form  in  aquatic 
plants,  and  for  these  reasons  the  cell  structure  of  the  aquatic 
thallophytes  is  generally  very  much  simpler  than  that  of  the 
brj'ophytes. 

Nevertheless,  tlie  thallophytes  have  developed  some  compli- 
cated organs  with  highly  differentiated  tissues,  as  in  the  kelps, 
rockweeds,  red  algie,  sac  fungi,  and  the  higher  basidia  fungi, 
such  as  the  toadstools  and  nmshrooms,  puffballs,  nest  fungi, 
and  carrion  fungi.  These  complexities  are,  however,  very  spe- 
cial in  character  and  not  related  to  the  structure  of  higher 
groups  of  plants. 


CHAPTER  XXV 

THE   PTERIDOPHYTES   AND   THE   APPEARANCE    OF 
HETEROSPORY 

302.  The  pteridophytes.*  The  divdsiou  Pteridophyta  (mean- 
ing fern  plants)  comprises  three  classes:  (1)  the  ferns,  or  FUi- 
cinece,  (2)  the  horsetails,  or  Uquisetinece,  and  (3)  the  club  mosses, 
or  Lycopodineoe.  Representatives  of  these  groups  are  generally 
somewhat  familiar  to  all,  and  no  one  would  think  of  grouping 
them  with  the  liverworts  and  mosses.  The  differences  become 
more  conspicuous  after  a  study  of  the  Ufe  histories  of  pteri- 
dophytes, which  shows  that  the  large  fern  plant  with  its  roots, 
stem,  and  leaves  is  really  an  asexual  generation,  or  sporophyte, 
and  that  the  gametophyte  is  represented  by  a  small,  compara- 
tively insignificant  sexual  generation.  This  condition,  so  dif- 
ferent from  anything  in  tlie  bryophytes  and  thallophytes, 
marks  one  of  the  great  forward  steps  in  the  progress  of  plant 
evolution.  It  leads  towards  the  seed  plants,  for  these  highest 
forms  with  their  varied  and  complex  structures  are  sporophytes, 
whose  gametopliyte  generations  are  so  much  reduced  that  they 
can  only  be  recognized  by  careful  study  of  the  processes  of  seed 
formation. 

303.  The  advances  in  plant  evolution  up  to  the  pteri- 
dophytes. It  is  well  to  summarize  at  this  jx)int  the  contribu- 
tions of  tlie  thallophytes  and  bryophytes  to  the  progi*ess  of 
plant  evolution. 

1.  The  algcc.  The  chief  contributions  of  the  algse  to  plant 
evolution  were  four  in  number:  (1)  the  attached  many-celled 
plant  body  arose  from  the  single-celled  condition  of  the  lowest 

*  To  THE  Instiuctor  :  The  introduction  to  this  chapter  assumes  that  the 
life  history  of  some  fern  has  been  studied  in  the  laboratory. 

30(i 
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algae  and  soon  became  established  as  the  vegetative  period  in 
the  plant's  life  history ;  (2)  as  a  result  of  this,  the  motile 
stages  (zoospores)  became  set  apart  as  reproductive  phases  in 
the  Ufe  histories,  such  reproductive  motile  stages,  with  other 
reproductive  cells,  l)eing  called  spores ;  (3)  certain  of  the  repro- 
ductive cells  became  sexual  in  character,  and  these  gametes  at 
first  similar  (isogamy)  were  later  differentiated  into  eggs  and 
sperms  (heterogamy) ;  (4)  alternation  of  generations  developed 
in  the  red  algie  and  sac  fungi,  but  probably  independently  of 
the  same  phenomenon  in  the  bryophytes. 

2.  The  fiiiKji,  Tlie  fungi  as  sj^ecial  and  peculiar  offshoots 
from  the  algie  have  of  course  contributed  nothing  to  the  main 
evolutionary  Une  running  up  to  the  higher  plants. 

3.  The  liverwort.^  and  mosses.  The  chief  advances  of  the 
liverworts  and  mosses  over  the  algie  were  three  in  number: 

(1)  many-celled  sexujil  organs  (antheridia  and  archegonia)  took 
the  })lace  of  tlie  one-celled  reproductive  organs  of  the  algae; 

(2)  an  alternation  of  generations  (gametophyte  with  sporo- 
phyte)  became  well  established,  together  with  the  origui  of  a 
new  tyi)e  of  a^xuiil  si)ore  developed  in  groups  of  four  (tetrads) 
by  the  sj^rophyte ;  (3)  there  was  a  general  advance  in  the  cell 
structure  of  the  phuit  boilies  because  of  adaptations  to  the  more 
complex  conditions  of  the  land  habit. 

The  sjiorophyte  of  the  bryophytes  is  always  attached  to  the 
gametophyte,  and  excei)t  in  Anthoceros  and  some  mosses  it  is 
not  as  complex  as  the  gametophyte.  In  the  pteridophytes,  how- 
ever, the  conditions  are  reversed.  Tlie  sporophyte  is  the  large, 
conspicuous  phase  in  the  life  history,  and  as  it  develops  it  becomes 
entirely  indei)endent  of  the  gametophyte,  while  the  latter  appears 
relatively  insignificant,  although  it  holds,  of  course,  a  necessar}' 
l)lace  in  the  life  histor}'.  Tlie  appearance  in  the  pteridophytes 
of  the  sporophyte  as  an  independent  plant  was  the  m<  impor- 
tant advance  in  plant  evolution  at  this  timCi  f or  i  3  ^  tive 
activities  gimlually  became  shifted,  at  fi 
whollv,  from  the  sexual  to  the  asexual 


THE  FERNS 


309 
treated   under  the 


The   material  of  this   chapter  will   be 
following  headings: 

Class  I.       The  ferns,  or  Fillcinece. 

Class  II.     The  horsetails,  or  Equmtincce. 

Class  III.  The  club  mosses,  or  Lycopodinece, 

Fossil  plants  and  coal. 

The  origin  and  evolution  of  the  pteridoi)hytes. 

Summary  of  the  pteridophytes  and  their  advances  over  the  biyophytes, 


CLASS  I.   THE  FERNS,  OE  FILICINEjE 

304.  The  ferns.  The  ferns  are  a  very  large  assemblage  of 
more  than  four  thousand  species,  and  most  of  them  can  be 
recognized  at  a  glance  by 
the  characteristic  forms  of 
their  leaves,  CiiUed  fronds, 
and  by  their  habits  of 
growth.  Tliey  are  widely 
distributed,  but  reach  their 
greatest  luxuriance  hi  the 
tropics,  where  they  present 
some  very  striking  dis- 
plays. Thus  the  tree  ferns 
have  stems  thirty  or  forty 
feet  high,  with  a  crown  of 
fronds  often  fifteen  or  more 
feet  in  length.  The  stems 
of  some  of  the  tree  ferns 
are  covered  by  a  sheath  of 
fibrous  roots  (as  in  Dick- 
sonia,  Plate  VI 1),  and  in 
other  tyjx^S  the  bases  of  p,„  272.  The  sta^-horn  fern  {Platycerium 
the  old  and  withered  fronds  WilUnki) 

form  a  similar  investment,    a  tropical  oi>ii>hytic  forn  with  two  forms  of 

There  are  also  in  the  tropics      ^f  ^'7'  ?^*^  "^ 7'"^^**  prows  doseiy  against 
'  the  hark  of  trees  and  jrathers  and   holas 

certain  small  deHcate  ferns        moisture  and  humus.  —  After  Goebel 
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called  filmy  ferns,  whose  stems  and  fronds  are  as  delicate  as 
mosses.  Some  peculiar  types,  as  the  stag-horn  fern  (Flati/cerium, 
Figs.  272,  364),  grow  over  the  surface  of  tropical  trees  and  are 
consequently  called  epiphytes  (meaning  upon  a  phmt).  These  have 
certain  flattened  leaves  (Fig. 272)  closely  pressed  agauist  the  sur- 
face to  which  the  plants  are  attached,  where  they  gather  and  hold 
iJiDistmx^  imJ  liuuiuri.  The  ruuta  of  Uiu  f'dmy 
ferns  and  the  epiphytes  are  very  |xjorly  ilevel- 
oped,  or  entirely  wanting,  but  the  air  of  a  tropi- 
cal forest  is  so  saturated  with  water  tiiat  they 
obtain  all  that  they  need  frcm  the  dripping  mois- 
M-^(  tare  and  wet  surfaces  upon  which  they  grow. 
All  the  plants  which  one  would  at  a  glance 
call  fern  a  are  spfjropIiytes,aud  they  consequently 
produce  asexual  spores,  which  are  borne  upon 
their  fmnds.  Tliese  spores  correspond  exactly 
to  those  developed  by  tlie  s[>orophyte3  of  the 


8tmwui<;  the  luaiirKT  in  wliUb 

buds  at  Ihiiir  lijia  bend  uvtr 
aud  eiiUblJsb  new  idmitj» 

liverworts  and  mosses,  and  they  give  rise  to  a  small  sexual 
gc'iieration,  tlie  gametophyte.  Tlie  life  history  of  a  pteridophyte 
can  be  most  easily  studied  from  one  of  the  common  ferns  famil- 
iar to  us  in  the  woods,  greenhouses,  and  giuxlens.^ 

1  The  mooiiwort  and  addor's-tonijue  (Sec.  SIT))  iUustrate  more  primitive 
conditions  in  the  pti'iidopliytes  than  the  common  ferns,  but  are  not  generally 
avaihible  for  type  studies. 


THE  COMMON  FERNS  811 

*  ^5.  The  common  ferns.  The  common  fems  (order  Filicales) 
completely  outclass  all  other  orders  of  pteridophytes  in  num- 
ber of  species  and  mass  of  vegetation.  The  forms  are  exceed- 
ingly various.  The  stems  may  be  short  and  close  to  the  ground, 
or  upright  trimks,  as  in  the  tree  fems.  But  many  tyjxis  have 
creeping  stems,  frequently  wholly  buried  in  the  earth  as  under- 
ground stems,  or  rootstocks,  well  illustrated  by  the  common  bnike, 
or  bracken  feni  (Pteris  aqnilina).  Some  ferns  have  })eculiar 
methods  of  reproduction  by  buds  that  are  formed  on  the  leaves, 
as  in  the  bladder  fern  {Cystoptcris  huUnfera),  or  the  walking 
fern  (Camptosorus)  shown  in  Fig.  2-73. 

Tlie  fronds  or  leaves  arise  from  the  tip  of  the  stem  and  form 
clusters  or  crowns  around  the  top  of  upright  structures,  but  are 
generally  somewhat  scattered  along  the  creeping  stems.  Most 
fronds  are  much  cut  or  divided  (compound)  after  regular  and 
various  patterns  (Fig.  271).  They  are  developed  very  slowly 
in  some  genera,  remaining  rolled  up  in  the  bud  for  several 
months.  However,  when  fully  formed  and  in  the  proper  season 
they  unroll  comparatively  (juickly  from  the  base  in  a  very 
characteristic  manner  until  the  apex  finally  ap|M*ars  al)ove. 

fThe   cell  structure  of  the  l(*aves,  stems,  and   roots   is  very 
much  more  complex  than  the  cell  strudure  in  the  bryophytes 
and  recalls  at  once  the  tissues  of  the  s(ied  plants   (see  I'art  I, 
Chapters  vii  and  Xll).    Tlie  plant  Inxly  has  a  system  of  tissues, 
Qi\\\i^i\  fihro-vaHrnlar  bundles  (Fig.  274),  whose  pails  are  nnich 
modified  for  two  ini[M»rtant  function.s.    One  tissue  is  comjjosiid 
of  lai-ge  cells  (Fi^'.  274,0  empty  of  pr(»toplasm  and  with  heavy 
thickened   walls    marked   with   curious   pit.s.    These  elements, 
called  trarJu'ldH,  roiiijH».se  tlie  woodif  part  of  the  fibn>-va8cular 
bundle  teriiKMJ  the  rylem,  and  their  purfxise  is  to  conduct  water 
fnun  the  hm^is  lo  jmrls  of  the  plant  alK)ve  ground.    But  t     y 
are  also  very  iiii|/*;rlant  for  the  strength  that  they  give  to 
and  leaves.    Another  ti.«sue  is  r^mifiosed  chiefly  '»f  <^11«, 
sieve  fitLn  (Yi*^,  274.  */;.  which  contain  miicli  protop 
foixl  niaU.'rial  and  make  up  a  softer  region  of  tlie  bundle 
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bast  or  phloem,  Tlie  bast  regions  are  known  to  be  paths  for  the 
distribution  of  food  material  in  the  plant.  Tlie  structure  of  the 
fern  frond  is  essentially  similar  to  that  of  the  leaf  of  a  seed 
plant.  There  are  stomata  on  the  lower  surface  and  clilorophyll- 
bearing  tissues  underneath  the  outer  cell  membrane,  or  epidermis. 
The  fibro-vascular  bundles  run  out  into  the  green  expanded  por- 
tions of  the  leaves  as  forking  veins,  which  do  not,  however, 


Fig.  274.  Fibro-vascular  bundle  from  the  underj^round  stem,  or  root^tock,  of 
the  common  brake  (Pteris  aquillna) 

fir,  ground  tissue,  or  parenchyma;  bft,  bundle  sheath ;  ps,  bast,  or  phloum,  sheath 
surrounding  the  sieve  tubes  (st)  and  bast  fibers  which  compose  the  bast,  or 
phloem;  t,  large,  thick-walled  cells  called  tracheids,  which  with  smaller  cells 
in  the  center  make  up  the  wood,  or  xylem 

generally  unitiB  to  form  the  close  network  so  characteristic  of 
dicotyledonous  seed  plants. 

As  stated  above,  the  fibro-vascular  bundles  gi*eatly  strengthen 
the  tissues  of  the  leaves  and  stems,  for  they  form  a  sort  of 
skeleton  in  the  plant.  They  are  frequently  assisted  in  their 
strengthening  functions,  especially  in  the  stem,  by  regions  of 
ri(/id  tissue,  which  may  be  variously  situated,  sometimes  under 
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the  epidermis  and  sometimes  forming  broad  strands  in  the 
interior.  This  rigid  tissue  (sclerenchyma)  is  composed  of  elon- 
gated cells  with  very  heavy,  much-thickened  walls,  which  are 
often  yellowish  in  color.  This  tissue  is  developed  from  the 
thin-walled  cells  (parenchyma),  called  the  ground  iisstte,  that 
compose  the  greater  part  of  tlie  interior  of  the  stems. 

306.  Spore  formation.  The  sporophyte  nature  of  the  fern 
plant  becomes  clear  at  the  time  of  fructification.  Certain  ones 
or  sometimes  all  of  the  feni  fronds  as  they  grow  older  develop 
spore  cases,  or  sporangia.  These  are  variously  situated  on  the 
fronds,  sometimes  appearing  as  clusters  or  spots,  called  sori 
(singular,  sorui^,  meaning  a  heap),  on  the  under  surface  and  some- 
times in  lines  along  the  under  edge.  A  sorus  may  be  naked, 
but  it  is  frequently  protected  by  a  membranous  outgrowth,  or 
iadusiumy  from  the  surface  of  the  frond  (Fig.  271,  C,  i). 

The  s])oran<(ia  are  stjjlked  and  somewhat  flattened  many- 
celled  cases,  each  of  which  develops  from  a  single  surface  cell 
of  the  frond.  There  are  sixteen  spore  mother  cells  in  the  inte- 
rior of  the  siM)re  case,  each  (►f  which  gives  rise  to  a  gi-oup  of 
four  s})()res  (tetrad).  The  method  of  spore  formation,  four  spores 
in  each  mother  cell,  is  thus  identical  with  that  of  the  bryophytes. 

The  sporaiigiuiu  of  many  (.'oininon  ferns  is  comix)sed  of  thin- 
walled  cells  except  along  the  edge,  where  there  is  a  line  with 
much-thickened  walls,  whi(.h  extends  from  the  stalk  about  two 
thirds  around  on  the  outside  (Fig.  275,  A).    This  line  of  cells  is 
called  the  ring,  and  as  the  sporangium  rii)ens  and  becomes  drj% 
the  ring  is  ftircibly  held  like  a  bent  spring.    Finally,  the  deli- 
cate cells  at  the  side  of  the  s])ore  case  opfK^site  the  ring  are 
unable  to  stand  the  strain  and  are  Um\  ajwirt  so  that  the  ring 
straightens  somewhat  and  a  wide  rent  is  made  in  the  side  of 
the  spomngiuin  (Fig.  275,  B,  C).    The  spores  are  thn      l  o      i    - 
lently  through  the  rent  for  a  considerable  distance.    1 
structuiv  of  the  si>ore  case  in  the  family  /Wy 
several  families  of  the  Fi/irakslmve  sporangia^ 
one  another  in  form  and  in  the  structure  and  j 
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307.  Fronds,  vegetative  leaves,  and  spore  leaves  (sporo- 
phylls).  Most  fronds  are  vegetative,  that  is,  perform  chloro- 
phyll work  (photosynthesis)  during  the  early  part  of  the  season 
and  develop  sporangia  later.  However,  some  types,  as  the  royal 
and  cinnamon  ferns  {Osmwuda)  and  the  sensitive  and  ostrich 
ferns  (Onoclea),  devote  the  whole  of  certain  leaves  or  portions  of 
them  entirely  to  the  work  of  spore  production.  The  blades  of 
these  fronds  or  portions  of  fronds  never  become  expanded,  but 
remain  somewhat  rolled  up,  forming  pod-like  structures  in  which 
the  sporangia  are  developed  (Fig.  276).    Other  fronds  on  these 


Fn;.  275.    The  s])()ran^iuin  of  a  cominon  fern  (Aspidium  FUix-mas) 

A,  c'l()sp«l  sporan^iuni:   li,  siwirangiuin  opening:   (\  fully  opeiUMi  and  <iischarsing 
the  siK)res.  —  After  Kerner 

ferns  are  devoted  entirely  to  vegetative  activities  and  never  de- 
velop sporangia.  There  is  thus  in  some  ferns  a  division  of  labor 
auKuig  the  fronds,  certain  of  them  becoming  strictly  rcf/rfafu'r 
/caves,  wliile  others  are  sjH)r(»  leaves,  called  nporophj/JIs. 

There  is  a  constant  tendency  in  the  pteridophytes  to  give  all 
tlie  work  of  spore  ]>ro(hiction  t(»  tlie  sj)ecialized  s])ore  leaves 
(sporophx'lls),  wliicli  means  that  all  the  other  fronds  on  the 
plant  become  entirely  devoted  to  vegetative  activities  and  may 
then  be  called  vegetative  leaves  or  sim})ly  Iran's  in  the  sense  in 
wliicli  til  is  term  is  generally  used  in  the  seed  plants.  This 
differentiation  of  tlie  frond  into  leaves  and  sporophylls  reaches 
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a  high  point  of  development  in 
the  horsetails  and  club  mosses, 
and  becomes  even  more  con- 
spicuous in  the  seed  plants,  as 
will  apixjar  later. 

308.  The  gametophyte  of  the 
fern.  The  fern  spore  germinates 
readily  on  moist  surfaces  and 
puts  foith  a  delicate  filament, 
consisting  of  a  row  of  cells  (Fig. 
277,  A).  Seveml  oblique  cell 
walls  at  the  end  of  this  filament 
cut  out  a  triangular  apical  cell 
(Fig.  277,  B,  x)y  wliich  becomes 
tlie  gi'owing  })()int.  Tlie  final  de- 
velopment is  usually  a  small, 
deliciite,  heail-shai)ed,  thallus- 
like  Ixxly  resembhng  a  small 
liverwoit,  but  only  one  cell  in 
thickness,  exci»pt  in  the  middle 
rt^gion.  The  apical  cell  (Fig.  277, 
C\  x)  genendly  becomes  situated 
in  a  deep  notch  at  the  forward 
end  (Fig.  277,  D)  bci^uise  of  the 
greater  cellgi'owth  on  either  side. 
The  back  pait  of  the  structure 
iHJComes  fastened  to  the  eartli  by 
numerous  delicate  filaments  or 
rhizoids  which  act  like  root  liairs. 
Tliis  structure  develops  the  sex- 
ual organs  of  the  f(Mn  and  is  (con- 
sequently tlie  g'ametoi>hyte  gener- 
ation in  the  life  histoiT.  It  iscfdled 


Fig.  27^.  Th(?  wusitivt*  fern  (Onoclea 
aenaibilis) 


the  proihalhnjfl  hecaune  it   pre-    8li<.wmKvejretativ<»  leaf  and  siwre  leaf 
-      ^,      -  1      X  /  1     ^  V  (»i>orophyll)  rising  from  the  creeping 

ceiles  the  fern  plant  (sporophy te).      rootstock 
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Both  sexual  organs  (antheridia  and  archegonia)  are  found  on 
the  same  prothallium  if  it  is  well  developed-  But  when  pro- 
thallia  are  crowded  or  grown  under  other  unfavorable  conditions 
they  remain  small  and  stunted  and  become  iiTCgular  in  form 
(Fig.  278,  A),   Such  dwarf  gametophytes  only  develop  antheridia. 


Fig.  277.   The  fern  prothallium  and  archefronium 

Af  stages  in  the  germination  of  the  spore,  /i,  young  prothallium,  showing  first 
appearance  of  wedged-shaped,  apical  cell  x.  C,  tip  of  prothallium  beginning 
to  take  on  the  heart-shaped  form:  a;,  apical  cell.  />,  matnre  prothallium, 
showing  group  of  archegonia  on  the  cushion  just  l)ack  of  the  notch,  and  anther- 
idia further  back:  rh,  rhizoids.  E,  an  open  archegonium  with  egg  ready  for 
fertilization,  and  two  sperms  near  the  entrance  of  the  neck.  —  ^I,  /:?,  C,  E,  after 
Campbell;  I),  after  Schenck 

On  well-nourished  protliallia  the  antheridia  are  formed  first  on 
the  edge  and  lower  surface  of  the  back  portions.  The  arche- 
gonia are  developed  last  when  the  prothalhum  is  quite  large,  and 
are  only  found  on  the  thickened  region,  called  the  cushion, 
directly  l)ack  of  the  notch,  or  growing  point. 

T/ie  antheridia.   The  antlieridia  (P'ig.  27(S.  B,  C)  are  ver\'  much 
smaller   than  those  of  the  bryophytes.    They  develop  from  a 
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single  cell  which  projects  above  the  surface  of  the  prothallus. 
There  are  only  three  cells  forming  the  capsule  of  tliis  structure, 
—  a  cover  cell  above,  a  ring-shaped  cell  in  the  middle,  and  a 
funnel-shaped,  basal  cell  These  three  cells  inclose  at  first  a  large 
central  protoplast,  from  which  is  developed  a  group  of  one  hun- 
dred or  more  small  cubical  cells 
that  produce  the  sperms,  as  in  the 
br}'ophytes.  These  sperms  are,  how- 
ever, very  different  in  form  from 
the  two-ciliate  sperms  of  the  liver- 
worts and  mosses  and  many  algae. 
Each  consists  of  a  spirally  coiled 
band  (Fig.  278, 1>),  whose  narrower- 
pointed  end  is  covered  with  numer- 
ous cilia,  maknig  it  a  many-ciUate 
sperm. 

The  archegonia.  Tlie  archegonia 
of  the  ferns  are  also  much  smaller 
than  those  of  the  bryophytes  and 
simpler  in  structure.  The  short 
neck  alone  projects  above  the  sur- 
face of  the  prothallus  {Y\^.  277,  E) 
and  generally  bends  backward, 
probably  because  the  forward  pait 
of  the  prothallium  is  not  directly 
on  the  earth,  but  ris<»s  at  an  angle. 
Tlie  egg  lies  l)eneath  the  surface  of 
tlie  prothallium,  so  that  the  base 
of  the  archegonium  may  be  descril>ed  as  sunken.  There  are 
only  two  or  thnic  canal  cells  (Sec.  283)  in  this  archegonium. 

The  eggs  are  fertilized  inider  exactly  the  same  conditions 
in  the  brjophytes  (Sec.  283).    ^Vhen  the  prothallia  aie 
sexual  organs  oix?n,  and  the  sperms  swim  over 
and  are  attracted  to  the  necks  of  the  arc 
secreted  within,  one  of   which  at  lei 


Fk;.  278.  The  antheridium  and 
Fpeinis  of  a  fcni  {Onoclea) 

J,  small  prothalliuin  with  many 
untherulia  an :  s,  old  spore  wall. 
It,  antheridiiiin,  showing  I'over 
ot*ll  e,  ring  cell  r,  and  basal  cell 
b,  inclosing  the  sperm  mother 
cells.  C,  antheridium  opening. 
/>,  sperms.  —  After  Campbell 
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sperms  swim  down  the  neck  to  the  egg,  and  one  of  them  fer- 
tilizes it.  The  feni  plant  then,  like  the  liverwort  and  moss, 
practically  returns  to  the  aquatic  life  of  the  algie  at  the  time 
when  the  sexual  cells  are  functional. 

309.  The  development  of  the  sporophyte.   The  early  stages  in 
the  development  of  the  fern  sporophyte  as  in  the  bryophytes 


'Fi(i.  279.   l>evelo]>ment  of  tJie  spmHj* 
phyle  of  ix  fern 

Af  BectioiJ  of  prolhalUuLii  w\ih  a  youug  sp<rrt>> 
pliyt^:  r,  tl]ifkmi8(I  rcj^i^sii,  ori'ushiou*  in  which 
IH  iiiibeiMc'il  tln.^  Uuit:  L  hrstlrEvT:  r,  runt;  iti\ 
unftTtiliJtf'il  arcliftfiniia ;  mt,  uUl  i\ut\wr\t\'m; 
rli,  rlitKoiiU.  li,  on  olii  in'i^tluilliutii  with  youiii; 
fern  Hiwrophyti'  jUtitrlii'it,  whu^v  tirsl  leaf  /  luis 
grow  II  up  ihroUKJi  thi^  imU'h  at  tlu^  for  wan!  r-ml 
of  the  pmthiLlliiini,  whili*  the  roeit  r  has^nter^l 
thft  i?3irth  :  rh,  rhi^uids,  —  After  Sachs 

ai^  passed  eritirt^y  witliin  the  thBiu* 
of  tht.*  pn^thiklliiLiu,  surnniiKled  by  ihv 
remains  of  t  he  iircfic;,^  mium.  Th^  furti- 
lixed  t'*4^[  cbU  divides,  and  ihvrv  are 
formed  four  ret^ions  in  the  embryo 
fern  :  (1)  ii  stem  re^rion,  (2)  tlie  first  leaf,  (.'*.)  the  first  root,  and 
(4)  an  origan  of  attachment  to  the  <j:amet()phyte  called  the  f oof. 
The  leaf  and  root  soon  break  out  of  the  arehegonium,  the  first 
growing  upward  and  the  second  into  the  earth  (Fig.  279,  A,  B), 
The  stem  grows  more  slowly.  The  young  fern  all  this  time 
obtains  iKMU'ishmcnt  from  the  prothallium  through  the  foot  after 
exactly  the  same  method  as  in  the  bryophytes.    However,  when 
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the  root  and  leaf  are  well  established  the  sporophyte  becomes 
independent  of  the  gametophyte,  which  gradually  dies  within 
a  few  weeks  or  months.  It  is  the  development  of  root,  stem, 
and  leaf  on  the  part  of  the  sporophyte,  giving  it  complete  inde- 
pendence, which  marks  the  greatest  advance  of  the  pteridophytes 
over  the  bryophytes. 

310.  Summary  of  the  life  history  of  a  fern.  The  alterna- 
tion of  generations  in  the  fern  is  much  more  apparent  than  in 
the  liverworts  and  mosses  because  both  gametophyte  and  sporo- 
phyte are  indej^endent  plants.  The  two  groups  (bryophytes  and 
pteridophytes)  are  hi  striking  contrast  in  the  relative  importance 
of  the  two  generations.  The  gametophytes  of  the  bryophytes 
are  relatively  large,  long-lived,  and  complex  organisms  (with 
stems  and  leaves  in  the  mosses  and  leafy  liverworts),  while  the 
sporophytes  are  simple  and  so  dei)endent  upon  the  gametophyte 
that  they  were  for  many  years  called  its  fruit.  The  gameto- 
phytes of  the  pteridophytes,  on  the  contrary,  ai*e  small,  short- 
lived, and  simple,  while  the  s{)()rophytes  are  very  large  and 
(•omplex  ({X)ssessing  stem,  roots,  leaves,  and  a  vascular  system) 
and,  except  hi  their  earliest  stages  of  development,  completely 
inde{x?ndent  of  the  gametophytes. 

The  life  history  of  a  fern  may  l)e  fornnilated  as  follows: 

Gametophjffe  (protluilliuni)  <C     ,        ^>  —  *^pf>rophi/fr  (fern  plant) 

—  ffscriuil  Hpturs  —  OamciophytCy  etc. 
This  in  abbreviated  form  becomes 


a 


r ' 


S  -  sp  -  <;  <  '^  >  —  s  -  sp  —  a,  etc., 


and  is  the  same  life-history  fonnula  as  that  of  the  brj'ophytes 
(Sec.  285). 

311.  Apogamy  and  apospory  in  the  ferns.  There  are  some 
irregularities  in  the  life  histories  of  certain  ferns  which  are 
not  uncommon  in  greenhouses  and  under  cultivation  (species 
of  Pterisj  AHjridium,  Athyrium,  Ni  '^        illia 
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sometiVne  fail  to  develop  archegonia  or  the  archegonia  do 
not  function,  but  the  sporophyte  generation  arises  as  a  bud-like 
outgrowth  from  the  prothallium.  In  other  cases  the  egg  may 
develop  without  fertilization  (parthenogenesis).  Such  suppres- 
sions of  sexuality  with  the  development  of  a  succeeding  genera- 
tion asexually  are  called  apogamy.  The  phenomenon  has  been 
noted  before  in  the  water  molds  (Sec.  262)  and  other  fungi,  and 
it  is  found  in  various  groups  throughout  the  plant  kingdom. 

Apospory  is  the  suppression  of  the  process  of  spore  formation 
and  the  development  of  a  gametophyte  generation  directly  from 
the  sporophyte.  It  is  found  in  many  of  the  ferns,  which  are  also 
apogamous,  and  is  shown  by  the  presence  of  prothallia,  which 
are  direct  outgrowths  from  the  fern  frond 
in  the  place  of  the  sporangia,  or  sometimes 
at  the  tips.  Apospory  is  also  found  in 
certain  mosses  where  protonema  may 
develop  directly  from  portions  of  the  stalk 
and  spore  cases  of  the  sporophytes. 

Apogamy  and  apospory  are  both  short 
cuts  in  the  life  histories,  which  are  believed 
to  be  due  to  some  unusual  life  conditions 
that  interfere  with  the  regular  develop- 
ment of  gametes  and  spores  in  the  normal 
life  histories,  established  during  the  evolu- 
tion of  plant  groups. 

312.  The  water  ferns.  The  w  ater  ferns 
(order  Hydropteralcs)  include  four  inter- 
esting genera  (Marsiliay  Filularia,  Sal- 
vinia,  and  Azolla),  each  of  which  is 
remarkable  for  some  peculiarity  of  struc- 
ture. Salvinia  (Fig.  280)  and  Azolla  are 
floating  aquatics,  and  Marsilia  and 
Pilularia  are  either  aquatic  or  grow  in  very  wet  places.  These 
habits  give  the  common  name  of  water  ferns  to  the  gi'oup.  They 
are  important  illustrations  of  the  condition  called  heterospory, 


Fig.  280.   A  water  fern 
{Salvinia) 

/,  floatingleavcs ;  r,  highly 
modified  leaf  acting  as  a 
root ;  s,  spore  fruits.  — 
After  Priugsheim 
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which  is  briefly  described  in 
Sec.  214  and  discussed  in 
some  detail  in  Chapter  xxvii. 
The  Hydropterales  are  be- 
lieved to  have  been  derived 
from  the  Filicales,  and  the 
development  of  heterospory  is 
the  most  important  advance 
over  that  gi'oup.  We  can  only 
consider  the  rather  widely 
distributed  type  Marsilia. 

313.  Marsilia.*  Marsilia, 
the  clover  leaf  fern,  or  pepper- 
wort,  is  easily  recognized  from 
the  form  of  the  leaf  (Fig. 
281,  A).  The  leaves  arise 
from  a  creeping  stem  which 
in  certain  species,  as  if. 
quadrifolia,  grow  over  the 
mud  in  shallow  water  along 
the  margins  of  pnuls  and 
streams,  but  often  come  out 
of  the  water  upon  muddy 
banks.  Other  sj>ecies,  as  M, 
vestita,  grow  almost  entirely 
on  muddy  banks  or  in  wet 
meadows. 

Tlie  spores  of  Marsilia  are 
developed  in  bean-shaped 

♦  To  THE   IxSTRfCTOR  :   If  oiily 

one  heterosporous  pteridophyte  can 
be  studied  in  the  laboratory,  it  is 
much  better  that  tlie  type  bo  Sda- 
ginella.  For  tliis  reason  the  ac- 
count of  Marsilia  has  been  da 
course,  the  same  as  that  of  mk 


Fio.  281.  Marsilia 

At  creeping  stem  of  Marsilia  quadrifolia, 
showing  a  series  of  leaves  in  varioiis 
stages  of  development:  s,  spore  fruits 
(sporocarps).  Bn  a  spore  fmlt  of 
M,  veaHia- 1  ad  to  V» 

and 
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spore  fruits,  or  sporocarps,  borue  iii  groups   on   short  stalks. 

These  spore  fruits  (Fig.  281,  A,  s)  are  really  modified  portions  of 

leaves,  which  are  excellent  illus- 
trations of  very  highly  developed 
s}X)rophylls,  much  more  special- 
ized than  the  spore  leaves  of  such 
ferns  as  Onoclea  and  Osmunda, 

The  spore  fruits  burst  open 
when  soaked  in  water  through 
the  swelling  of  mucilage  within, 
and  the  contents  come  out  as  a 
gelatinous,  worm-like  structure 
bearing  large  groups  (sori)  of  spores 
along  the  sides  (Fig.  281,  By  so). 
The  spores  are  developed  in  es- 
sentially the  same  manner  as  in 
the  common  ferns  (Filicales),  but 
the  tissues  of  the  sporangia  are 
so  nuR'h  moditied  that  the  re- 
sembhinces  can  only  be  followed 
through  a  detailed  developmental 
study.  The  spores  are  set  free 
by  the  softening  of  the  gelatinous 
material,  and  thev  begin  to  gernii- 

A,  male  ^ainetophyte  witlnn  nncn)-  .       ' 

spore:   />,  i)rothallial  cells:   two    natc  at  once  in  the  watcr.    They 

^^roupS(>f  sperm  ,n..thereellsshc.wn     .^^.^  ^^  ^^^,^^  ^-  ^  ^^^^   ^^^^^^j, 

within.    li,  si)erms.     (  ,  female  '         ^  ' 

j,'ametoi)hyte  consistin.u;  of  a  siiij^ie    and  are  eon.se([uently  called  mcijn- 

aivhe'^onium    at    one    end   of    the  i        •  rpi  • 

megaspore,    whieh    is    tilh-d    with     ^porcs '.XuA  nUcrOHpOTC^.     ThlS  COU- 

stareh  grains.   />.  a  w«-»'k-«.i(i  em-    dition  is  termed  hctcrosporf/. 

brvo  (slightly  magnitird)   still  at-  rf^^  p    n        « 

taehe^i  to  the   megaspore:    /.   first  ^^^''      megaSlK)re.S     are      full     of 

leaf;  r,  root.— J,  //.  after  Cami>-    starch  grains,  which  fuHiish  the 

food  for  the  development  in  a 
few  hours  of  a  small  female  gaineto})hyte.  This  gametophyte 
(Fig.  2(S2,  (')  consists  of  a  single  arehegonium  at  one  end  of  the 
spore.    Although  the  cMs  are  somewhat  greenish,  it  is  perfectly 


Fi(i.  282.    (iaiuetophytos  of 
MarsUia  vcstita 
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clear  that  the  food  of  this  much-reduced  prothallium  is  fur- 
nished chiefly  by  the  sporophyte  by  means  of  the  megaspore. 
The  gametophyte  of  MarsUia  has  therefore  degenerated  from 
the  independent  condition  in  the  common  ferns  and  is  now 
no  longer  self-supporting,  but  is  dependent  upon  food  stored  by 
the  sporophyte,  a  relation  which  is  exactly  the  reverse  of  that 
in  the  bryophytes. 

The  microspore  develops  a  very  small  male  gametophyte  even 
more  quickly  than  the  megaspore  develops  the  female  one.  This 
structure  consists  of  a  lens-shaped  sterile  cell  called  the  prothal- 
Hal  cell  (Fig.  2S2,A,  2^)t  together  with  a  group  of  cells  which 
probably  represent  a  single  much-reduced  antheridium.  The 
sperms  are  formed  within  this  group.  They  are  remarkably  long, 
coiled  bands  covered  with  cilia  (Fig.  282,  B),  and  are  among  the 
largest  sperms  in  the  pteridophytes. 

The  young  si)or<)phyte  develo})S  within  the  archegonium,  fol- 
lowmg  essentially  the  same  history  as  that  of  the  common 
ferns,  and  is  consequently  attached  to  the  megaspore  (Fig.  282, 1)), 
But  there  is  an  important  i)eculiarity  in  its  relation  to  food 
supply.  This  sporophyte  makes  use  of  consideral)le  food  that 
remains  in  the  megasiM)re  after  the  development  of  the  female 
gametophyte.  The  MarsUia  plant,  therefore,  actually  provides 
for  the  next  sjKn-ophyte  generation  by  storing  f(M)d  in  the  mega- 
sj)ore.  This  provision  is  strikingly  similar,  as  will  apj)ear  later, 
to  the  conditions  in  the  seed  where  the  embryo  (young  spf)ro- 
phyte)  is  nourished  by  food  stored  in  the  seed  by  the  s{)orophyte 
of  the  preceding  generation. 

MarsUia  illustrates  exceptionally  well  three  imi)ortant  prin- 
ciples in  the  evolution  of  pteridopliytes  and  seed  ])lants,  namely: 
(1)  the  establishment  of  heteros]M)ry,  resulting  in  the  separation 
of  male  and  female  gametoi)hytes,  (2)  the  reduction  or  degenera- 
tion of  the  gameto])hytes,  which  liecome  dependent  upon  food 
stored  in  the  microspores  and  megaspores,  and  (3)  i)rovision  in 
the  megaspore  for  the  nourishment  of  the  embryo  of  the  suc- 
ceeding si)orophyU^  generation. 
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314.  Heterospory.  Heterospory  (meaning  dissimilar  spores) 
arose  in  the  pteridophytes  with  the  establishment  of  two  sizes 
of  spores,  —  megaspores  and  microspores.  Pteridophytes  having 
these  are  called  heterosporous,  and  those  with  spores  of  the  same 
size,  as  in  the  common  ferns  (Filicales),  are  called  homosporous 

(meaning  similar  spores).  With 
heterospory  came  also  a  differen- 
tiation of  the  gametophytes  into 
male  and  female  structures,  the 
first  developing  from  the  micro- 
spores and  the  second  developing 
from  the  megaspores. 

315.  The  moonwort  and 

adder's-tongue.    The   moonwort 

{Botrychiuvi,  Fig.  283,  A)  and  the 

adder's- tongue   {Ophioglossum^ 

!i^^^'^^^       ^IM         Fig.  283,  B)   are   in   the   same 

'^     "^  group  (order  Ophioglossalcs)  and 

illustrate  eertfiin  primitive  con- 
ditions in  the  pteridophytes. 
These  forms  do  not  have  external 
sporangia,  as  in  tlie  FilicalcSy  but 
the  siM)res  are  (levelo|>ed  in  sunken 
regions  along  i)eculiar  stalks. 
Such  sunken  siH)rangia  are  niucli 
more  primitive  in  structure  tlian 
tliose  wliich  develop  uixm  tlie  sur- 

A,  the  moonwort  {liotrychium  terna- 

fum) :  Ji,  the  addor's-tongue  {Ophi-  face  of  the  plant, for  they  resemble 
orjhssum  vuUjatum)  j^^(,j.^  closelv  the  Conditions  in  the 

bryophytes  where  the  spore  mother  cells  are  found  in  the  interior 
of  the  plant.  The  spore-bearmg  stalks  are  a("companied  by  sterile 
blades  dev()t(Ml  to  the  vegetative  activities,  so  that  these  leaves 
illustrate  the  same  sort  of  division  of  labor  as  is  found  in  the 
royal  fern  (Osmunda  rcf/a/is).  The  gametophytes  are  under- 
ground, tuberous  bodies  generally,  destitute  of  chlorophyll  and 


Via.  2Ho.    The  moonwort  and 
addcr's-toncue 
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saprophytic  in  their  life  habits,  being  associated  with  certain  fungi 
which  form  a  mycorrhizal  partnership  (Sec.  278)  with  them. 


CLASS  II.   THE  HORSETAILS,  OR  EQUISETINEM 

316.  The  horsetails.  The  horsetails,  or  scouring  rushes,  are 
all  comprised  in  the  genus  Equisetum,  which  contains  about  40 
living  species,  the  sole  modern  representatives  of  the  order 
Equisetales  and  the  class  Equisetincce,  These  plants  are  the 
remnants  of  what  was  a  very  extensive  flora  in  an  early  geo- 
logical period,  called  the  Carboniferous  Age,  when  the  largest 
deposits  of  coal  were  formed.  The  ancient  relatives  of  Equi- 
setum  (Plate  VIII,  2),  together  with  the  club  mosses,  were  then 
trees  and  formed  the  forests  in  those  times.  The  horsetails  Hve 
now  under  what  seem  to  be  rather  severe  conditions  in  bare  or 
sandy  soils  that  are  unfavorable  for  the  growth  of  trees,  herbs, 
and  grasses.  Tliey  illustrate  very  well  the  way  in  which  an 
ancient  group  is  sometimes  able  to  avoid  total  extinction  by 
withdrawing  as  far  as  possible  from  competition  with  the 
recent  floras,  and  tlius  hold  its  own  by  means  of  peculiar  Ufe 
habits  and  adjustments  to  special  conditions. 

The  most  striking  feature  of  tlie  morphology  of  Equisetum  is 
the  total  absence  of  foliage  suitable  for  vegetative  activities 
(photosyntliesis).  Tlie  foliage  is  represented  by  sheaths  (Fig.  284, 
Ay  B)y  wliich  are  fomid  at  the  joints  of  the  hollow  stem. 
The  points  on  tliese  slieaths  are  the  tips  of  small  leaves 
more  or  less  united  below.  The  vegetative  functions  are  per- 
formed by  the  green  stems.  These  are  fluted,  that  is,  they  have 
numerous  ridges  which  run  lengthwise,  and  the  depressions 
between  the  ridges  contain  stomata,  which  lie  above  the  chloro- 
phyll-bearing tissues  (Fig.  284,  F,  c).  The  epidermis  contains 
deposits  of  silica,  which  is  the  chief  substance  in  glass,  and  con- 
sequently the  stems  feel  rough.  They  are  sometimes  used  for 
scouring  or  poHshing  metal;  hence  the  origin  of  one  of  the 
common  names,  "scouring  rusL" 


Fio.  284.    A  horsetail  (Equisetum  arvense) 

A,  fertile  stems,  bearint::  cones  risiiiix  from  the  erey^pinjj  rootstock :  t,  tuberous 
bodies;  v,  younj^  vej^etative  stem  below  jjround  and  ready  to  grow  into  the 
mature  stnieture  shown  in  />'.  7i,  vej^etative  stem  as  it  appeara  perhaps  three 
weeks  after  tlie  fertile  stems  have  shod  their  spores  and  died..  C,  a  group  of 
spores  with  their  elaters  expanded.  I),  a  spore  with  the  elaters  coiled  around 
it.  F,  two  views  of  the  spore  leaves  (sporopliylls),  showing  the  group  of  spo- 
rangia. F,  portion  of  a  secticm  of  the  stem:  o,  air  spaces;  c,  chlorophyll-bear- 
ing tissues;  r,  rigid  outer  tissues;  /,  tibro-vascular  bundle  around  small  air 
space. —  J,  B,  C.  J>,  after  Schenck 
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The  stems  are  generally  of  two  forms.  There  are  green  aerial 
stems  above  ground,  unbranched  in  some  species,  but  quite 
bushy  in  others  by  the  development  of  circles  of  side  branches 
at  the  joints  (Fig.  284,  B).  The  aeiial  stems  arise  from  creeping 
underground  stems,  or  rootstocks,  which  have  the  same  jointed 
structure  and  sheaths  of  degenerate  leaves,  l)ut  are  not  green 
and  often  not  hollow.  The  undei-ground  stems  live  from  year 
to  year  and  grow  rapidly  through  the  soil,  frecjuently  estab- 
lishing large  beds  of  horsetails,  as,  for  exami)le,  along  railroad 
tracks  and  the  margins  of  sandy  ixkdIs  and  ponds. 

Tlie  stem  has  large,  central  air  c*ivities,  running  from  joint  to 
joint,  and  also  a  numlx»r  of  smaller  air  cimals,  alternating  with 
the  fibro-vascular  bundles  (Fig.  284,  F,  a).  It  is  strengthened 
by  thick-walled  cells,  forming  a  rigid  tissue  (Fig.  284,  F,  r)  under 
the  epidermis,  and  is  consecjuently  well  protected  from  the  dan- 
ger of  drying  up.  These  |K»culiarities,  together  with  the  i*educed 
leaf  surface,  are  charactei-s  wliich  the  hoi-setails  have  in  common 
with  many  desert  i)lants  (xer()i)liytes),  and  tliey  j)ermit  them  to 
live  when  necessary  under  very  severe  drought  conditions. 

Tlie  fructification  of  Equiactum  is  a  conv  (Fig.  284,  A)  devel- 
oped at  the  tip  of  the  stem,  and  it  is  comiR)sed  of  scale-like 
spore  leaves  (s])oro])liylls),  wliicli  fit  closely  togetlier  and  develop 
8})ores  in  siK)i'angia  ui^on  their  under  surfaces  (Fig.  284,  E). 
These  cones  ai-e  generally  found  on  ordinary  grei^n  stems.  How- 
ever, in  some  s]x?cies,  as  E.  arccnse,  the  stems  which  first  appear 
above  ground  ai-e  pale  in  color  and  are  devoted  entirely  to  the 
development  of  the  cones  and  die  after  the  spores  are  shed,  while 
the  green  vegetative  stems  apix^ar  later. 

317.  The  cone  of  Equisetum.   A  coue,  or  stroi 
pact  group  of  siKH-e  leaves  (s]:H)n)phyll8)  distril 
tip  of  a  stem  and  distuict  fn^m  the  rest  of  the 
its  compact  form  bi>caust^  the  sporophylls  are  d 
and  frequently  so  much  modiKed  that  tl    r 
ap})arent  at  a  glance.    P^ch  sporophyll  in 
of  a  short  stalk  attached  to  the  side  of  the 
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angled  shield-shaped  top  (Fig.  284,  E).  A  group  of  sporangia 
hang  down  all  around  the  stalk  from  the  lower  surface  of  the 
shield,  and  each  develops  from  a  group  of  cells  instead  of  from 
a  single  cell,  as  in  the  common  ferns  (Filicales),  The  shields 
separate  from  one  another  when  the  cone  matures,  and  the  ripe 
spores  escape  through  rents  in  the  sporangia  and  sift  out  between 

the  sliields.  The  spores  are 
formed  in  groups  of  four 
(tetrads)  in  the  spore  mother 
cells. 

Each  spore  (Fig.  284,  C,  D) 
bears  four  filaments  de- 
veloped from  an  outer  layer 
of  the  spore  wall,  which 
sphts  into  bands  that  sepa- 
rate from  one  another,  but 
remain  attached  to  the  spore 
at  one  point.  The  filaments 
coil  around  it  when  moist, 
but  loosen  and  spread  out 
when  (by.  These  movements 
must  assist  the  escaj)e  of  the 
spores  from  tlie  sporangia. 
The  filaments  also  serve  as 
Fig.  286.   Gametophyt^s  of  Equisetum      ^^.^,^^9  j^^   ^\^^,  distribution  of 

A,  male  prothallium:  an,  antheridium.    ^\^^,  sporeS   bv  the  wind,  and 
li,  sperms.    (',  female  prothallium :    ar^  "  i     i       •  i 

archegonium.- J,  c,  after  Hofmeister;   they  become  entangled  With 
n,  after  Si-haeht  ^^j^^  another  so  that  groups 

cling  togetlier  and  are  carried  away  and  germinate  in  clustei*s. 
Tlie  spores  are  of  tlie  same  size,  and  therefore  Equisetum  is 
hoinosporous. 

318.  The  gametophytes  of  Equisetum.  The  spores  only 
retain  their  vitality  for  a  few  days.  They  produce  gi-een  gameto- 
phytes somewhat  like  fern  protliallia,  but  very  irregular  in  form 
(Fi«jj.  285,  A,  C),  the  larger  \Wtli  long  lobes,  at  the  bases  of  which 
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are  situated  the  sexual  organs.  The  prothallia  are  normally  dioe- 
cious, that  is,  male  and  female  in  sex,  but  since  the  spores  are 
distributed  in  groups,  antheridial  plants  are  likely  to  develop  in 
the  same  cluster  with  the  archegoniaL  The  sexual  organs  are 
sunken  in  the  tissues  of  the  gametophytes.  The  sperms  are 
coiled,  many-ciliate  protoplasts  (Fig.  2S5,  B)  resembling  those 
of  the  common  ferns. 

The  early  stages  in  the  development  of  the  young  Equisetitm 
sporophyte  from  tlie  fertilized  egg  are  the  same  as  those  of  the 
common  ferns.  This  together  with  the  similar  gametophytes 
and  sperms  is  beheved  to  indicate  a  distant  relationship  between 
the  Equisetiiiecc  and  Filicinece,  even  though  the  mature  sporo- 
phytes  of  tlie  two  groups  appear  so  different  in  structure. 

CLASS  III.  THE  CLUB  MOSSES,  OR  LYCOPODINEjE 

319.  The  club  mosses.  The  Lycopodinece  take  their  common 
name  of  club  mosses  from  the  moss-like  ap])earance  of  the  stems, 
which  in  most  forms  are  covered  w^ith  small  leaves  (Figs.  286, 
289,  A),  and  the  fructification,  which  is  generally  a  club-shaped 
cone  developed  at  the  end  of  the  stem  (Figs.  287,  A  ;  289,  A). 
Isoetes  (Fig.  291)  is,  however,  in  these  particulars  a  conspicuous 
exception.  But  the  club  mosses  are  very  much  larger  than  any 
of  the  tnie  mosses  (Mifsci),  and  are  of  course  sporophytes,  hke 
the  horsetails  and  fenis,  while  the  true  mosses  are  gameto- 
phytes. Like  the  horsetails,  they  are  the  remnants  of  a  very 
ancient  group  which  formed  forests  in  the  Carboniferous  Age 
(Plate  VIII,  3,  4) ;  also,  they  have  been  a])le  to  i)ersist  only  by 
adapting  themselves  to  life  conditions  where  they  do  not  en- 
counter keen  comi)etition  with  grasses  and  herl>s.  Almost  all 
of  the  Lycopodinen'  are  contained  in  three  genera :  Lyropodiifm 
(al)Out  100  sjx^cies),  Sehyinil/a  (about  500  siKHfies),  and  Isoetes 
(some  60  species).  But  in  addition  there  are  several  remark- 
able types  {PhyUogloss^imy  Psilotvm,  Tmesipteris)  which  are 
tropical  or  sub-tropical  and  cannot  be  descrilx^d  here. 
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320.  Lycopodium.  Lycopodium  includes  the  larger  dub 
mosses,  frequently  called  lycopods,  and  are  distinguished  by  hav- 
ing needle-Kke  leaves  arranged  spirally  on  the  stem  (Fig.  286) 
and  similar  spores  (liomospoBous).  The  stems  are  of  two  forms : 
(1)  creeping  stems,  close  to  the  gi'ound  and  frequently  buried 


Fig.  280.    A  cliib  moss  {Lycopodium  annotinum) 
Modified  after  Kerner 

under  leaves  and  other  forest  debris,  and  (2)  upright  stems,  very 
much  branched  in  some  species  and  bearing  tlie  cones  like 
clubs  at  tlieir  ends.  Some  of  tlie  lari^er  species  are  very  common 
in  tlie  northern  woods,  tlie  lonj,',  creepin;^'  stems  often  growing 
thickly  over  the  ground.  The  stem  is  generally  quite  woody  in 
structure,  and  the  leaves  are  evergreen.  They  are  much  used 
in  hoUday  decoration,  and  certain  species  are  in  danger  of  extinc- 
tion, since  the  clul)  mosses  reproduce  very  slowly. 
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821.  The  cone  of  Lycopodium.  In  some  species  of  Lycopo- 
dium,  as  Z.  Selago,  the  si)ore  leaves  (sporophylls)  have  the 
same  form  and  groupmg  as  the  vegetative  leaves  so  that  there 
is  no  cone  distinct  from  the  rest  of  the  stem.  But  most  of  the 
forms  have  very  clearly  defined  cones,  which  are  sometimes  raised 
on  long  stalks,  as  in  Z.  compla- 
natujn.  The  sporophylls  are 
generally  scale-like  and  closely 
set  (Fig.  287,  A,  B).  Each  spore 
leaf  bears  a  single,  large,  sac-like 
sporangium  (Fig.  287,  C)  at  its 
base,  which  develops  from  a 
group  of  cells.  Tlie  spores  (Fig. 
287,  D)  are  formed  in  groups 
of  four  (tetrads)  in  the  spore 
mother  cells.  They  are  very 
minute  and  are  produced  in  such 
immense  numbers  that  they  are 
collected  in  quantity  as  the 
lycopodium  powder  of  apothe- 
cary shops,  used  in  dusting 
pills  to  keep  them  from  sticking 
together  as  well  as  for  other 
purposes.  This  ix>wder  is  also 
employed  in  the  manufacture 
of  fireworks  under  the  name  of 
vegetable  sulphur. 

322.  The  gametophytes  of 
Lycopodium.  The  gametophytes 
of  the  club  mosses  in  our  northern  woods  nuist'lKi  uncommon,  if 
they  are  develo{)ed  at  all,  for  they  have  never  l)een  found.  It  is 
probable  that  thesporophytes  reproduce  chiefly  or  i)erhaps  entirely 
by  vegetative  brandling  of  their  stems  and  in  some  forms  by 
curious  buds.  The  gametophytes  of  some  tropical  lycoiK)ds  are 
however  known  and  have  been  studied.    They  are  small,  tuberous 


Fui.  287.   The  cone  of  a  club  moss 
(Lycopodium  annoiinum) 

A ,  the  cone,  showing  overlapping  sporo- 
phylls; /i,  diagram  of  a  longitudinal 
section,  illustrating  the  form  and 
position  of  the  sporophylls  and  spo- 
rangia; C,  the  inner  face  of  a  sporo- 
phyll,  showing  the  large  sirarangium ; 
/>,  two  views  of  spores  from  a  group 
of  four  (tetrad) 
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bodies  (Fig.  288)  generally 


Fir. .  288.  G  a m e  I o p h  y  t e 8  and 
youn^sporophj'tcsof  a  club  moss 
{Lycopodium  cotnplanatum) 

A,  jjametophyte  with  yoiin^  sporo- 
pliyto :  /.  tissue  filled  with  the  fila- 
ments of  a  fungus  situated  just 
outside  a  layer  of  palisade  cells. 

B,  tlie  funjius-infected  tissue.  C, 
a  youn^r  'dub  moss  still  attacdied 
to  the  subterranean  pimetophyte. 
—  .1,  li,  from  material  of  Bruch- 
mann    i)repared    by    Miss  Lyon: 

C,  after  Bruchmann 


subterranean  and  practically  desti- 
tute of  chlorophyll,  like  those  of 
the  moonwort  and  adder's-tongue. 
They  are  therefore  saprophytic,  and 
associated  with  them  are  fungal 
filaments  to  form  a  mycorrhizal 
relation  (Sec.  278).  The  sexual 
organs  are  sunken  structures. 
The  sperms  are  two-cihate. 

The  embrj^o  sporophy te  remains 
attached  to  the  gametophyte  by  a 
large  foot  (Fig.  288)  for  a  long 
time  after  the  stem  and  root  are 
developed,  and  must  obtain  much 
nourishment  from  the  gameto- 
phyte, as  in  the  case  of  tlie  ferns. 

323.  Selaginella.  Sclaginclla 
is  readily  distinguished  from  Lyco- 
podium.  The  leaves  in  most 
S2)ecies  are  arranged  in  four  rows, 
two  rows  of  smaller  leaves  on  the 
upper  surface  and  two  rows  of 
larger  leaves  somewhat  at  the  sides 
(Fig.  289,  A).  The  cones  also  have 
four  rows  of  spore  leaves  (s|K)ro- 
phylls)  and  are  consequently  four- 
angled.  The  spores  are  of  two 
sizes,  and  the  tyj)e  is  perhaps  the 
best  illustration  of  heterospory  in 
the  pteridophytes.  Forms  of  Sel- 
(Kjinella  are  frequently  called 
"  little  club  mosses,"  for  many  of 
them  are  much  more  deUcate  than 
the  lycopods.  But  some  tropical 
species,  frequently   cultivated    in 
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greenhouses,  are  large,  much-branched,  and  bushy  plants,  very 
graceful  and  decorative.  Some  forms  grow  in  dry  situations 
on  sand  and  rocks,  in  Mexico  and  the  Southwest.  One  species 
(5.  lepidophylla)  is  frequently  sold  in  the  North  under  the  name 


Fi<;.  289.   Selaginella  ^farten8ii 

At  branch  bearinfi:  cones  and  showing  the  leaf  arranjcements ;  /^,  inner  face  of 
a  mefcasporophyll,  showini:;  the  lar^i^e  niefi^asimranpiini  containing  a  group 
of  four  niega»|)ore8  (tetrad);  (',  two  views  of  nieKa8iK)reH ;  />,  inner  face  of 
microsporophyll,  showing?  niicrosporanf^iuni :  A\  niicn)Si)orrs;  /",  dia}]n*am  of 
a  loDKitudinal  section  of  cone  iUustratin^  (Mtsition  of  niicn>siM)rophyH8  and 
megasporophylls  and  their  niicrosimraiiKia  and  megaHi>orangia 

of  "  resurrection  moss."  This  i)lant  i)r()tects  itself  (hiring  drouj^lit 
by  rolling  up  the  branches  to  form  a  compact  ball.  When 
moistened  the  branches  spread  out  and  ])ecome  fresh  and  green.^ 

1  A  botanist  states  that  the  plants  sold  in  the  North  will  absorb  moisture 
and  unroll,  but  are  generally  "dead  "  beyond  recovery. 
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324.  The  cones  of  Selaginella.  The  cones  of  Selaginella  are 
not  as  large  as  those  of  Lycopodium,  but  they  are  much  more 
complex  in  structure.  The  sporangia  are  of  two  sorts,  both 
developing  singly  from  a  group  of  cells  on  the  stem  just  above 
the  origin  of  the  spore  leave?  and  later  becoming  attached  to 
their  bases.  The  sporangia  near  the  lower  part  of  the  cone 
(Fig.  289,  B)  produce  from  one  to  eight  very  large  megaspores, 
and  frequently  a  group  of  four  (tetrad).  The  sporangia  higher 
up  on  the  cones  (Fig.  289,  />)  are  smaller  and  develop  a  great 
number  of  minute  microspores,  also  in  tetrads.  Selaginella  has, 
then,  different  sporangia  for  the  two  forms  of  spores,  microspores 
and  megaspores,  which  are  accordingly  called  microsporangia 

•and  megasporangia.  Furthermore,  these  sporangia  are  borne 
upon  different  spore  leaves,  which  are  consequently  termed 
microsporophylls  and  megasporophijlls.  It  is  important  to  note 
that  the  few  megaspores  whicli  mature  are  nourished  and  grow 
at  the  expense  of  neighboring  spore  mother  cells  which  become 
disorganized. 

325.  The  gametophytes  of  Selaginella.  The  microspore 
develops  a  reduced  and  degenerate  male  gametophyte,  as  in 
Marsilia  (Sec.  313).  There  is  a  small  sterile  cell  (prothallial 
cell)  and  two  gi'oups  of  sperm  cells  in  a  very  simple  cellular 
structure  probably  representing  an  antheridium  (Fig.  290,  ^). 
The  sperms  are  two-ciliale  (Fig.  290,  B). 

The  megaspore  develops  a  female  gametophyte  which  is  larger 
than  that  of  Marsilia ,  but  it  is  the  same  sort  of  a  reduced  struc- 
ture, dependent  upon  food  stored  by  the  sporophyte  within  the 
megaspore.  This  gametophyte  at  maturity  fills  the  megaspore, 
and  bursting  through  the  spore  wall  it  presents  an  exposed  sur- 
face upon  which  several  sunken  archegonia  are  developed  (Fig. 
290,  C).  The  female  gametophyte  actually  begins  its  develop- 
ment before  the  megaspore  has  attained  its  full  size  in  the  mega- 
sporangium.  It  is  thus  parasitic  upon  the  sporophyte  during  its 
early  history,  a  habit  which  is  universal  in  the  seed  plants,  but 
among  the  pteridophytes  it  is  only  found  in  Selaginella, 
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There  are  some  other  hfe  habits  of  Selagiiiella  wonderfully 
suggestive  of  the  way  in  which  seed  and  the  seed  habit  arose. 
It  is  known  in  some  species,  as  S.  rupestris,  that  the  micro- 
spores are  thrown  out  from  the  sporangia  on  the  upper  part  of 
the  cone  and  sift  down  like  pollen  grains  among  the  megaspores 


Fio.  200.  The  gametophytes  and  embrjo  of  Selaginella 

Af  male  gametophyte  contained  within  tiie  microspore:  /),  persistent  nucleus  of 
prothallial  cell ;  s,  two  groups  of  sperm  mother  cells.  Ji,  two-ciliate  sperms. 
C,  female  gametophyte  containing  an  embryo  siM>rophyte:  a,  archegonium; 
r,  rhizoids.  />,  young  sporophytes  held  by  the  sj)ore  leaves  of  the  cone.  E^  a 
young  sporophyte  still  attached  to  the  megasi)ore.  —  B,  after  Belajeff ;  A,  C, 
/>,  adapted  after  notes  and  sketches  of  Miss  Lyon 
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into  the  split  megasporangia  below.  The  sperms  are  formed 
and  set  free  in  the  moisture  of  such  situations,  and  the  eggs  of 
the  gametophytes  may  be  fertihzed  while  the  megaspores  are 
still  retained  within  the  megasporangium.  The  young  sporo- 
phytes  as  they  develop  are  thus  actually  held  by  the  sporophylls 
of  the  parent  sporophyte  (Fig.  290,  Z>)  until  they  reach  a  con- 
siderable size  and  fall  off.  These  habits  should  be  noted  and 
this  paragraph  read  again  after  the  life  history  of  the  seed  plant 
is  thoroughly  understood. 

The  development  of  the  young  sporophytes  of  Selaginella 
and  also  of  Lycopodium  has  features  resembling  those  of  the 
seed  plants.  The  early  divisions  of  the  egg  estabhsh  a  structure 
called  the  suspensor  (Fig.  290,  C,  Sus)y  which  carries  the  devel- 
oping embryo  down  into  the  midst  of  the  tissue  of  the  gameto- 
phyte,  where  it  can  draw  nourishment  from  all  of  the  cells 
around  it.  A  large  foot  is  developed  (Fig.  290)  which  absorbs 
food  from  that  portion  of  the  gametophyte  which  lies  in  the 
megaspore,  so  that  the  embryo  sporophyte  is  actually  nourished 
witli  food  stored  in  tlie  megaspore  ]>y  the  sporophyte  of  the 
previous  generation. 

326.  Life  history  of  Selaginella.  SdcujineUa  is  an  excellent 
type  witli  which  to  illustrate  tlie  life  history  of  a  heterosix)rous 
pteridophyte,  Since  two  forms  of  spores,  microspores  and  mega- 
spores, are  present,  tliere  are  two  forms  of  gametophytes,  male 
and  female,  and  this  feature  compUcates  the  relatively  simple 
life-history  formuhe  of  bryophytes  and  homosporous  pterido- 
phytes  (Sees.  285,  310). 

The  life  history  of  ^vhnjiiwUd  is  as  follows : 

,.  7    .     ^  11^  irros/Xf/r  —  M((le  Ga  m etoph  t/te  —  sperm  ^ 

Sporop/n/t('<^  ^  „        ;    ,y       \     1    I  ^ 

^       ^    ^      ^  )f(C(/asp()/r ~  rc/nale  Crametojmi/ie  —  efjg   ^ 

—  Sporophyte^  etc. 
This  in  abbreviated  form  becomes 

'^<C  r^  /.       ^  —  S,  etc., 

^  Ni e  sp  —  I^e  (i  —e^        '        ' 
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which  when  carefully  studied  is  essentially  the  same  as  the 
general  life-history  formula  of  bryophy tes  and  pteridophytes 
(Sees.  285,  310),  namely, 

G<cl>-S^sp^G<l>-^S-sp^G,  etc. 

The  differences  lie  in  the  fact,  above  mentioned,  that  there  are 
two  forms  of  spores,  microspores  and  megaspores,  wliich  develop, 
respectively,  male  and  female  gametophy tes,  a  compKcation  which 
was  introduced  with  heterospory  and  which  is  present,  as  will 
appear  later,  in  the  Ufe  histories  of  seed  plants  (Sec.  356). 

327.  Summary  of  Selaginella.  Selaginella  is  the  highest  of  the 
pteridophytes  and  the  most  important  because  of  the  evolution- 
ary principles  wliich  it  illustrates,  leading  up  to  the  seed  habit. 
The  first  three  of  these  principles  are  also  illustrated  by  Mar- 
8 ilia  and  iHoeten,  but  the  fourth  and  fifth  ai-e  new.  They  are 
(1)  the  estabhshment  of  heterospory  resulting  in  the  separation 
of  male  and  female  gametophytes ;  (2)  the  reduction  or  degen- 
eration of  the  gametophyte,  which  l)ecomes  dei)en(lent  upon 
food  stored  in  the  microspores  and  megasix)res;  (*'»)  provision 
in  the  megaspore  for  the  nourishment  of  the  embryo  of  the  suc- 
ceeding sporophyte  generation ;  (4)  the  early  parasitic  relation 
of  the  female  gametophyte  within  the  megiisporangium  upon  the 
sporophyte;  (5)  the  occasional  habit  of  developing  the  young 
8ix)rophyte  while  tlie  megaspore  is  still  i-etained  witliiu  its 
parent  megasi)orangium. 

328.  Isoetes.  The  sjK^cies  of  Isoetea  are  known  as  quillworts. 
Their  position  among  tlie  jiteridophytes  is  a  matter  of  dispiite, 
and  some  botanists  place  them  with  the  ferns  {Filicineo'),  but 
the  anatomy  of  the  sporophytes  is  more  like  that  of  the  club 
mosses  than  any  oilier  grouj).  They  have  a  i)eculiar  rush-like 
habit  of  growth,  the  long  leaves  arising  in  clusters  around  a 
short  stem  (Fig.  291,^).  Some  forms  are  aquatic,  growing  on 
mud  at  the  bottom  of  ponds,  while  others  are  usually  found  out 
of  water. 
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laoetea  is  heterosporous,  and  the  spores  are  developed  in  sunken 
sporangia  at  the  bases  of  spore  leaves  (Fig.  291,  ^,  s).  The  spore 
leaves  are  differentiated  so  that  only  the  outermost  develop 
megaspores  and  are  consequently  megasporophylls,  while  the 


Fig.  291.   Tho  quillwort  (Isoctes  echinospora) 

yf,  habit  skotoh.  /?.  base  of  mr^asporophyll,  showin<;  inner  surface:  «,  sporanjjium, 
containing  the  iar^e  mo^jaspores ;  /,  lii^ule.  C,  a  j^roup  of  microspores  below, 
and  a  lari^e  nie<;aspore  above,  showing  comparative  size 

innermost  are  niicrosporopliylls,  producing  only  mici-ospores. 
Male  anil  female  gametopliytcs  are  developed  slowly  in  the 
microspores  and  megaspores,  respectively,  and  are  reduced  or 
degenerate  sexual  plants  (Fig.  292,  A,  C),  almost  as  simple  as 
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those  of  MarsUia.  Having  no  chlorophyll,  they  depend  upon  food 
stored  in  the  megaspore,  as  in  MarsUia  and  Selaginella.  The 
young  sporophyte  also  makes  use  of  food  in  the  megaspore  as 
in  these  other  two  heterosporous  pteridophytes  above  mentioned. 
The  sperms  (Fig.  292,  B)  are  some- 
what coiled  and  many-ciliate,  re- 
sembling in  this  respect  those  of 
the  Filicineoc.  The  life-history 
formula  is  the  same  as  that  of  Sel- 
aginella (Sec.  326). 

FOSSIL  PLANTS  AND  COAL 

329.  Fossil  plants.  Plant  re- 
mains are  not  generally  preserved 
as  fossils,  partly  l)ecause  they  do 
not  often  have  hard  parts,  such  as 
the  shells  and  bones  of  animals, 
and  partly  because  the  larger  forms 
grow  on  land  where  they  are  sub- 
ject to  rapid  decay.  So  the  record 
of  plant  life  in  former  geological 
ages  is  \yoiyv  as  compared  with 
that  of  animal  life.  However,  there 
are  some  very  wonderful  de]M)sits 
of  plant  remains  forming  the  hard 
and  soft  coal  beds,  which  de- 


Fk;.  292.   Game tophy tea  of  the 
(luillvvort  (Isoetes) 

J,  male  gametophyto  within  the  mi- 
cros|)ore :  p,  prothallial  cell ;  four 
8i)erni  mother  celKs  shown  within 
the  reduced  antheridiura.  B, 
sperm .  ( ',  section  of  female  game- 
tophyte  removed  from  megaspore, 
showing  sunken  an'hegonium.  A, 
C,  IsoHes  echinonpora. — Ay  i\ 
after  Campbell ;  B,  after  Belajeff 


serve  brief  mention  here,  since 
most  of  the  plants  connK)sing  tliem  are  fossil  pteridophytes. 
During  the  Devonian  and  Carboniferous  Ages  the  most  con- 
spicuous vegetation  was  represented  by  tree  ferns  and  relatives 
of  the  horsetails  and  club  mosses,  together  witli  certain  very 
primitive  gymnosj)erms.  Tliese  plants  reached  the  height  of 
trees  and  formed  forests  on  the  land  and  in  the  marshes  (see 
Plate   VIII).    Tlie    Calami(c.<t    (Plate   VlII,  2)    were  gigantic 
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horsetails,  so  nearly  like  the  living  forms  of  Equisctum  that  we 
can  readily  picture  their  appearance  along  the  margins  of  swamps 
and  streams.  Curiously  some  of  the  Calamites  were  heterospor- 
ous,  although  all  of  the  living  types  of  the  Equisctinece  are 
homosporous.  The  ancient  representatives  of  the  club  mosses 
(Plate  VIII,  3,  4)  were  among  the  largest  plants  of  those  times, 
reaching  the  height  of  one  hundred  feet  or  more.  Some  of  them 
were  true  lycopods,  and  others,  as  Lepidodendron  and  SigUlaria, 
were  evidently  close  relatives  of  the  club  mosses.  Their  large 
trunks  were  covered  with  leaves,  which  fell  off,  leaving  curious, 
diamond-shaped  scars  that  are  very  conspicuous  on  the  fossil 
stems.  The  earhest  seed  plants  arose  in  these  ages,  but  they 
were  far  outnumbered  by  the  pteridophytes.  They  were  gymno- 
sperms  of  tlie  group  Cordaitece  (Plate  VIII,  5),  but  with  very 
httle  resemblance  to  any  living  forms.  The  fructifications  of 
some  of  these  primitive  forms,  somewhat  intermediate  between 
spermatophytes  and  pteridophytes,  are  occasionally  so  well  pre- 
served that  we  can  learn  something  of  the  structure  of  the 
garaetophytes  develojx^d  by  the  spores.  It  is  possible  that  we 
shall  later  know  much  more  about  the  origin  of  the  seed  plants 
and  the  seed  habit  from  the  study  of  these  fossils. 

After  the  Carboniferous  Age  the  tree  ferns,  horsetails,  and 
club  mosses  became  less  abundant,  and  gynm()S})erms,  like  the 
cycads  and  conifers,  increased  in  numbers  and  became  the 
dominant  forest  types.  Tliere  was  an  age  of  cycads  in  a  later 
])eriod  (Juiassic),  when  tlie  eartli  was  covered  with  these  plants 
as  far  nortli  as  Creenland  and  the  climate  must  have  been 
tropical  from  pole  to  ])ole.  We  know  very  little  about  the 
earliest  forms  of  angiosj>erms.  They  do  not  appear  abundantly 
as  fossils  until  a  later  ])eriod  (Cretaceous),  after  tlie  age  of 
cycads  (Jurassic),  although  they  doubtless  had  their  origin 
much  earlier,  for  many  insects  were  present  which  must  have 
had  the  habit  of  feeding  on  pollen  or  nectar. 

It  is  clear  tliat  tlie  horsetails  and  club  mosses  of  the  present 
time  are  merely  the  remnants  of  this  ancient  flora  once  dominant 
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and  perhaps  as  luxuriant  as  the  tropical  forests  of  to-day.  They 
have  survived  by  adjusting  themselves  to  very  different  life 
conditions  from  those  of  Carboniferous  times,  and  by  adopting 
life  habits  which  remove  them  as  far  as  possible  from  competi- 
tion with  the  prevailing  vegetation  forms  of  to-day  (trees,  grasses, 
herbs,  etc.).  The  degenerate,  saprophytic  gametoph3'tes  of  Lyco- 
podium  illustrate  well  how  far  such  changes  of  life  habits  may 
extend. 

330.  Coal.  Coal  was  formed  during  a  number  of  periods  in 
the  earth's  historj-,  but  the  most  extensive  deposits  were  laid 
down  during  the  Carboniferous  Age  (frequently  called  the  coal 
age),  forming  the  so-called  coal  measui-es.  The  luxuriant  pterido- 
phyte  vegetation  of  tree  ferns,  horsetails,  and  club  mosses  formed 
deposits  in  swamps  over  immense  areas,  probably  in  much  the 
same  way  as  peat  is  being  formed  to-day.  Such  plant  deposits 
from  time  to  time  became  covered  \Nith  sediment  by  the  sink- 
ing of  the  land.  And  since  the  land  alternately  rose  and  sank, 
successive  layers  or  beds  of  plant  remains  were  laid  down. 
These  remains  became  finally  buried  under  heavy  deposits  of 
sediment,  which  pressed  them  into  compact  beds  of  the  car- 
bonaceous matter  called  coal. 

Coal  is  of  two  sorts:  (1)  soft  or  bituminous  coal,  which  is 
hardly  more  than  half  pure  carbon,  the  rest  l)eing  composed  of 
a  variety  of  carlxm  compounds,  and  (2)  hard  or  anthracite  coal, 
which  may  be  90  per  cent  pure  ciirbon.  Hard  coal  represents  a 
greater  degree  of  change  than  soft  coal,  the  oils  and  other  products 
having  been  driven  off  under  pressure  by  the  heat  of  the  eaith. 
The  coal  beds  vary  in  thickness  from  small  layers  of  only  a  few 
inches  to  deposits  a  hundred  feet  deep.  Those  of  the  United 
States  cover  several  liundred  thousand  square  miles,  of  which 
perhaps  fifty  thousand  square  miles  are  l)eing  worked.  Vast  as 
are  these  coal  l)ed8  in  the  United  States,  there  are  deposits  in 
other  lands,  as  in  China,  of  even  greater  extent.  The  coal  supply 
of  China  is  estimated  as  enough  to  last  the  world  seven  hundred 
years.   The  total  deposits  of  pteridophyte  vegetation  were  very 
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much  thicker  than  the  coal  beds  which  they  formed,  for  it  has 
been  estimated  that  it  took  about  five  feet  of  plant  remains  to 
make  one  foot  of  coal. 

It  is  interesting  to  think  of  the  part  which  the  pteridophyte 
flora  of  the  Carboniferous  Age  plays  in  the  present  life  and 
economic  activities  of  the  world,  giving  us  a  fuel  whose  carbon 
was  taken  ages  ago  from  the  air,  which  was  then  much  more 
heavily  charged  with  carbon  dioxide  than  is  the  atmosphere  of 
to-day. 

THE  ORIGIN  AND  EVOLUTION  OF  THE 
PTERIDOPHYTES 

331.  The  origin  of  the  pteridophytes.  The  pteridophytes 
undoubtedly  arose  from  a  bryophyte  ancestry,  when  the  sporo- 
phyte  generation,  in  some  forms  having  a  structure  capable  of 
doing  chlorophyll  work,  developed  a  root  system  and  vascular 
tissues,  and  taking  the  land  habit  became  independent  of  the 
gametophyte.  Tliis  was  one  of  the  most  impoitant  forward  steps 
in  the  evolution  of  the  higher  plants,  for  it  gave  the  sporophyte 
complete  freedom  to  live  and  grow  to  its  maximum  size.  It 
marked  a  turning  point  in  plant  evolution,  for  after  that  the 
sporophyte  became  the  most  complex  and  conspicuous  phase  of 
the  life  history,  and  the  gametophyte  grew  less  prominent,  until 
finally  in  tlie  seed  plants  the  sexual  generation  becomes  actually 
dependent  or  parasitic  upon  the  asexual  generation,  a  relation- 
ship which  is  exactly'  the  reverse  of  that  between  the  gameto- 
phyte and  sporophyte  in  the  liverworts  and  mosses.  These  very 
important  results  in  the  evolution  of  plants  are  summarized  in 
Chapter  xxix,  Tlie  Evolution  of  tlie  Six)rophyte  and  Degenera- 
tion of  the  Gametophyte. 

There  are  no  bryophytes  that  show  clearly  how  the  root 
system  arose,  Init  we  can  easily  understand  that  so  complex  a 
sporophyte  as  that  of  Anthoccros  (which  has  chlorophyll-bearing 
tissues  with  stoinata,  and  a  long,  indefinite  period  of  growth) 
would  at  once  become  an  independent  plant,  if  it  could  develop 
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a  root  system.  For  this  reason,  Anthoceros  (Sec.  290)  is  gen- 
erally considered  the  form  among  the  bryophytes  most  closely 
approaching  the  pteridophytes  in  its  stnictiire  and  possibilities 
of  development. 

332.  The  evolution  of  the  pteridophytes.  After  the  sporophyte 
became  independent  of  the  gametophyte,  the  next  important 
advance  was  the  development  of  the  lateral  spore-bearing  and 
vegetative  organs  called  fronds.  Then  came  the  differentiation 
of  the  fronds  into  vegetative  leaves,  given  up  entirely  to  chloro- 
phyll work  (photosynthesis),  and  spore  leaves,  or  sporophylls, 
devoted  chiefly  or  wholly  to  spore  production.  With  this  also 
came  the  massing  of  tlie  sporophylls  in  cones,  which  was  really 
the  beginning  of  the  structures  called  Jiowers  in  the  seed  plants. 

Finally,  the  condition  of  heterospory  was  attained  independ- 
ently in  several  groups  of  tlie  pteridophytes,  as  the  water  ferns, 
Selaginella,  and  Isoetcs.  Heterospory  soon  led  to  very  signifi- 
cant changes  in  the  structure  and  behavior  of  the  gametophyte 
generations.  They  l)ecame  differentiated  in  sex,  the  microspores 
producing  male  prothalli,  and  the  megasi)ores  female  ones.  Fur- 
thermore, the  gametophytes  became  greatly  reduced,  finally  de- 
pending wholly,  or  almost  wholly,  on  food  stored  in  the  spores. 
The  food  in  the  female  gametophyte  also  came  to  contribute  to 
the  development  of  the  embryo  s|)orophyte,  which  wiis  thus  fur- 
nished with  food  by  the  sporophyte  of  the  previous  generation. 
At  last,  in  the  highest  forni,  Selaginella,  the  female  gametophyte, 
begins  its  development  while  still  retained  within  the  megaspore, 
a  condition  approximating  very  closely  to  the  seed  habit. 


PiRl 


SUMMARY  OF  THE  PIISBRIDOPHYTES  AND  THEIR 
ADVANCES  Ovilfe  THE  BRYOPHYTES 

333.  Summary  of  the  pteridophytes.  The  chief  characters 
of  the  pteridophytes  and.  iheir  advances  over  the  bryophytes  are : 

1.  The  development  "of  a  leafy  shoot  and  root  system  with 
vascular  tissues   in   the   sporophyte   generation,   rendering   it 
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independent  of  the  gametophyte,  giving  it  the  land  habit,  allow- 
ing it  to  attain  a  large  size,  and  making  it  by  far  the  most 
conspicuous  phase  in  the  life  history. 

2.  The  development  and  differentiation  of  fronds  into  vege- 
tative leaves  and  sporophylls,  and  the  grouping  of  the  latter 
into  cones. 

3.  The  development  of  heterospory,  which  differentiated  the 
gametophytes  as  male  and  female  in  sex. 

4.  The  degeneration  of  the  gametophytes  (in  heterosporous 
forms)  so  that  they  finally  became  dependent  upon  food  supplied 
by  the  sporophyte  in  the  spore.  In  Selaginella  the  female 
gametophyte  even  begins  its  development  at  the  expense  of 
neighboring  cells  in  the  megasporangium.  These  conditions  are 
an  exact  reversal  of  the  relations  between  the  generations  which 
exist  in  the  bryophytes. 

The  three  classes  of  the  Pteridophyta  are  readily  distin- 
guished by  the  follomng  characters : 

Class  /.  Filicinccv.  Fronds  large  and  few  in  number ;  those 
bearing  spores  generally  similar  to  tlie  strictly  vegetative  leaves 
and  not  grouped  in  cones. 

Class  II.  Equisetinca'.  Leaves  reduced  to  mere  scales,  form- 
ing sheaths  around  jointed  stems,  which  have  many  peculiarities 
of  structure ;  sporophylls  of  peculiar  form,  each  bearing  several 
sporangia,  and  grouped  in  a  characteristic  cone. 

Class  III  Li/copodinefr.  A^'egetative  leaves,  small  and  very 
numerous  (except  in  Isor.tcs),  covering  the  stem ;  sporophylls 
generally  grouped  in  cones,  each  bearing  a  single  sporangium ; 
gametophytes  nuich  degenerate,  especially  in  the  heterosporous 
Selaginella  and  Isoetes ;  sperms  two-cihate,  except  in  Isoetes, 
and  not  spiral,  and  many-cihate  as  in  the  Filicinece  and  Equise- 
tineas. 


CHAPTER  XXVI 
^  ALTERNATION  OF  GENERATIONS 

334.  The  protoplasmic  basis  of  an  alternation  of  genera- 
tions.* The  history  of  the  alternation  of  generations  in  plants 
has  now  been  traced  from  the  i-elatively  simple  beginnings  in  the 
thallophytes,  as  illustrated  by  the  life  histories  of  the  red  algse 
(Sec.  246)  and  sac  fungi  (Sec.  266)  through  the  more  clearly 
defined  conditions  in  the  liverworts  and  mosses,  and  also  through 
the  ferns,  liorsetails,  and  club  mosses.  It  is  clear  that  in  the 
latter  groups  and  the  pteridopliytes  the  asexual,  or  sporophyte, 
generation  liad  become  much  the  more  complex  of  the  two,  and 
that  the  sexual  generation,  or  gametophyte,  had  l)egun  to  degen- 
erate. This  degeneration  is  earned  niucli  further  in  the  seed 
plants,  as  will  be  described  in  Chapter  xxviii,  and  summarized 
in  CJhapter  xxix. 

It  is  now  time  to  try  to  determine  some  of  the  reasons  for 
the  establishment  of  a  sj)orophyte  generation  following  the  game- 
tophyte one,  or  the  basis  in  the  protoplasm  itself  of  the  alternation 
of  sexual  and  asexual  generations.  The  basis  undoubtedly  rests 
on  the  effects  of  the  sexual  process  upon  the  nature  of  the  pro- 
toplasm in  the  succeeding  generation.  The  union  of  gametes  is 
so  great  a  physiological  stimulus  that  the  sexually  formed  cell 
(generally  a  fertilized  egg)  is  given  the  possibilities  of  a  develop- 
ment different  from  that  of  either  pai-ent  plant  or  gametophyte ; 
for  the  protoplasm  of  a  fertilized  e^^  is  not  the  same  as  that  of 
either  gamete  which  entered  into  its  formation.  It  is  a  mixture 
of  protoplasms  and  therefore  nuist  Ix?  different  from  the  proto- 
plasm of  the  j>{irent  plants,  and  this  difference  is  the  basis  for 

•To  THE  Instructor  :  In  a  brief  course  or  with  immature  students  this 
chapter  should  be  omitted. 

US 
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the  peculiarities  of  the  generation  which  aiises  from  a  sexually 
formed  celL 

Protoplasm  has  so  far  proved  much  too  complex  for  an  analy- 
sis into  the  structures  which  determine  its  qualities  and  possi- 
bilities of  development;  that  is,  we  do  not  know  why  the  egg 
of  a  fern  develops  into  a  fern  and  that  of  a  club  moss  into  a 
club  moss;  both  are  cells  with  a  general  similarity  of  cell  struc- 
ture. But  the  possibilities  of  fern  and  club  moss  are  nevertheless 
present  in  the  respective  eggs,  and  the  one  could  not  possibly  be 
made  to  produce  the  other  plant.  It  is  generally  believed  that 
the  characteristics  of  eggs  are  determined  by  the  structure  of 
their  protoplasm,  represented  perhaps  by  means  of  the  in\'isible 
molecules  and  gi'oups  of  molecules  in  its  chemical  and  physical 
composition.  The  structures  that  are  assumed  to  give  distinct 
character  or  possibilities  of  development  to  protoplasm  are  called 
rvdiments. 

It  is  doubtful  whether  we  shall  ever  be  able  to  distinguish 
the  rudiments,  Init*  there  are  some  larger  structures  in  the  cell 
which  witli  care  can  be  followed  through  the  cell  divisions  from 
generation  to  generation.  The  most  interesting  of  these  are 
the  chromosovieSy  which  are  very  characteristic  structures  most 
clearly  seen  during  the  processes  of  nuclear  division  (Sec. 
199).  The  su])stance  of  the  chromosomes,  called  chromatin, 
is  the  most  important  material  in  tlie  nucleus.  Chromatin  can 
be  deeply  colored  or  stained  in  thin  sections  of  tissue  after 
special  methods  of  treatment.  It  is  present  in  the  resting 
nucleus,  generally  in  tlie  form  of  an  irregular  network.  The 
cliromosonies  are  formed  from  the  chromatin  and  appear  during 
the  early  staujes  of  nuclear  division.  P^ach  chromosome  tlien 
divides  into  halves,  and  the  two  sets  of  daughter  chromosomes 
are  distributed  with  each  nuclear  division. 

It  is  an  important  fact  that  the  number  of  chromosomes  for 
the  nuclei  of  each  plant  is  fixed,  and  the  number  is  usually 
not  very  large.  Tluis  the  gametophytes  of  a  red  alga  {Poly- 
siphonia.  Sec.  245)  liave  about  20  chromosomes,  but  those  of 
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the  liverwort  {Antlioceros,  Sec.  290)  have  only  4  and  the  fern 
(Osviunda)  12.  The  most  important  feature  of  the  process  of 
fertilization  is  the  union  of  the  two  gamete  nuclei,  that  of  the 
sperm  with  that  of  the  egg.  These  nuclei  have  an  equal  number 
of  chromosomes  in  the  same  species  (the  number  characteristic 
of  the  gametophyte),  and  the  egg  and  sperm  are  therefoi-e  equiv- 
alent in  their. nuclear  structure,  whatever  may  be  the  differences 
in  their  size.  This  nuclear  fusion  doubles  the  number  of  chromo- 
somes, and  the  fertilized  egg  begins  the  development  of  the 
sporophyte  (when  present)  with  twice  as  many  chn)m()somes  as 
the  gametophytes  which  produced  the  eggs  and  si)erms. 

The  double  number  of  chromosomes  appeai-s  in  all  of  the 
nuclear  divisions  throughout  the  development  of  the  sporo- 
phyte up  to  the  time  of  spoi-e  formation.  Thus  the  sporopliyte 
phases  of  Potysiphonia  liave  about  40  cliromosomes,  the  sporo- 
phyte of  Anthoceros  8,  and  Osmunda  24.  The  Ulies  have 
24  chromosomes,  and  the  gametophyte  phase  only  12.  The 
chromosomes  have  been  counted  in  more  than  fifty  different 
kinds  of  plants,  mostly  seed  plants,  and  it  is  established  that 
sporophytes  have  normally  double  the  number  of  chromosomes 
of  their  respective  gametophytes. 

Spore  formation  at  the  end  of  the  si)or()phyte  generation  is  a 
very  significant  period  in  the  life  histoiy,  for  at  this  time  the 
double  number  of  chromosomes  is  reduced  by  half.  The  spores 
have  then  the  original  numl)er  of  the  gametophyte.  The  reduc- 
tion of  the  chromosomes  is  efiected  by  processes  too  complicated 
to  be  described  here,  but  the  formation  of  the  asexual  spores  in 
groups  of  four,  called  tetrads  (see  Figs.  204,  245,  258,  289,  298, 
302,  304),  is  rather  characteristic  of  the  phenomenon.  There  are 
thus  fundamental  reasons  for  the  identical  methods  of  spore  for- 
mation in  the  bry()i)hytes  and  pteridophytes,  and,  as  will  apj)ear 
later,  for  the  methods  of  pollen  formation  and  the  embryo  sac 
in  the  %eed  plants.  For  the  same  reasons,  groups  of  four  spores, 
(tetraspores),  are  developed  at  the  end  of  the  sporophyte  genera- 
tioa  in  the  red  algae. 


348  ALTERNATION  OF  GENERATIONS 

The  chromosomes  are  generally  believed  to  be  the  actual 
bearers  of  the  qualities  (represented  perhaps  by  rudiments) 
which  are  inherited,  that  is,  passed  on  from  one  generation  to  the 
next.  The  chief  reasons  for  this  view  are  their  importance  as 
the  essential  structures  of  the  nucleus,  their  regular  behavior 
throughout  the  cell  divisions,  and  the  evidence  that  they  never 
lose  their  identity  completely,  even  in  the  resting  nucleus,  but 
remain  perhaps  as  the  only  permanent  organs  in  the  cell. 

335.  The  life-history  formula,  showing  the  chromosome 
count.  The  life-history  formula  which  has  been  employed  for 
the  bryophytes  and  pteridophytes  becomes  much  more  interest- 
ing when  considered  in  reference  to  the  chromosome  count. 
The  formula  has  been  : 

Gametophytc  <^  ^        ]>  —  Sporophyte  —  asexual  spore 

—  Gametophyte^  eta 

Representing  the  ganietophyte  number  of  chromosomes  by  x 
and  the  sporophyte  number  by  2.x',  these  may  accompany  the 
formula  as  follows : 

<spmn 
X  chro.    \    _   Sporophyte  —  asexual  spore 
*,  v.,wv»,»v/ov,/ico  Cif(J      ^^  2x  cltromosoines        x  chromosomes 

X  chro. 

—  Gar/ietophyte,  etc. 

X  chromosomes 

Examining  this  formula,  it  is  clear  that  there  are  two  periods 
when  the  number  of  chromosomes  changes  abruptly:  (1)  at  fer- 
tihzation,  when  the  number  is  doubled,  and  (2)  at  spore  forma- 
tion, when  the  number  is  reduced.  The  fertilized  egg  develops 
into  the  sporo})hyte  because  its  protoplasm  has  different  qualities 
from  that  of  the  gameto])hyte.  The  asexual  spore  develops  into 
the  gametophvte  because  its  qualities  have  l^ecome  again  the  same 
as  those  of  tlie  former  gametophvte  generation.  Spore  formation, 
then,  in  bryophytes  and  pteridophytes  is  a  return  of  the  plant 
in  its  lif(*  history  to  the  conditions  of  ancestral  gametophytes. 


THE  ORIGIN  OF  THE  SPOROPHYTE  349 

336.  The  origin  of  the  sporophjrte.  It  seems  clear  that  the 
sporophyte  had  its  origin  through  the  stimulus  of  the  union 
of  gametes,  and  especially  the  union  of  gamete  nuclei,  to  give 
a  fusion  nucleus  with  double  the  number  of  chromosomes  char- 
acteristic of  the  gametophytes.  It  is  probable  that  there  is  a 
reduction  of  this  number  in  many  thallophytes  before  or  during 
the  germination  of  the  zygospore  or  oospore,  so  that  there  is 
no  opportunity  for  a  sporophyte  generation.  This  condition  has 
been  reported  for  Coleochceie  (Sec.  222),  and  it  is  probably  also 
true  of  (Edogonmm,  Spirogyra,  the  desmids,  Vaiicheria,  Uhthrix, 
and  other  types. 

The  sporophyte  arose  when  nuclear  divisions  appeared  with 
the  double  number  of  chromosomes,  thus  postponing  the  time 
of  chromosome  reduction  to  a  later  period  in  the  life  history, 
which  became  generally  characterized  by  the  formation  of 
asexual  spores  in  tetrads.  Sporophytes  undoubtedly  appeared 
thus  in  several  groups  of  plants  entirely  independently  of  one 
another,  as  illustrated  in  the  divergent  hues  of  development  of 
the  red  algae,  the  sac  fungi,  the  Dictyotacccc  (a  small  group  of 
the  brown  alga*),  and  the  bryophytes  leading  up  to  the 
pteridophytes  and  sperjnatophytes. 

337.  Summary.  The  allernation  of  generations  in  plants 
takes  on  added  interest  wlien  considered  in  relation  to  the 
behavior  of  the  clnomosomes,  for  the  importance  of  the  two 
critical  stages  in  the  life  history —  (1)  fertilization,  and  (2)  spore 
formation —  l)ocomes  at  once  apparent.  Fertilization  doubles  the 
number  of  clironiosomes  in  tlie  egg  and  gives  it  the  possibilities 
of  the  sporophyte's  development.  Spore  formation  reduces  the 
double  number  of  chromosomes  by  half  and  brings  the  plant's 
protoplasm  back  to  the  condition  where  it  may  develop  the 
gametophyte.  The  two  processes  follow  one  another  as  the  life 
history  is  repeated  again  and  again  with  machine-like  regularity, 
and  there  is  undoubtedly  a  chemical  and  physical  basis  for  the 
life  histoiy.  And,  as  before  stated,  it  is  generally  l)elieved  tliat 
the  chromosomes  hold  the  rudiments  that  determine  in  a  broad 
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way  the  programme  of  development,  the  double  number  defining 
the  sporophyte  generation. 

It  must  not  be  supposed,  however,  that  the  life  history  unfolds 
entirely  through  the  operation  of  forces  within  the  organism,  as 
a  watch  runs  on  the  strength  of  the  wound-up  mainspring. 
While  the  organism  is  truly  a  machine,  it  is  a  machine  which 
is  constantly  influenced  by  forces  from  without  which  modify 
its  complex  adjustments,  and,  above  all,  it  is  a  self-perpetuating 
machine  which  makes  its  own  repairs. 

Tliere  are  two  prominent  theories  respecting  the  manner  in 
which  an  organism  develops  from  an  egg  or  other  reproductive 
cell.  The  first,  called  i^eforyiiaiion,  assumes  that  the  characters 
of  the  adult  are  preformed  or  represented  in  miniature  by  rudi- 
ments or  other  structures  in  the  protoplasm.  Development  is, 
therefore,  something  like  the  unfolding  of  a  bud,  and  the  results 
are  determined  by  conditions  within  the  organism.  The  second 
theory,  termed  epigenesis,  is  not  willing  to  grant  such  a  compli- 
cated architecture  to  protoplasm,  but  holds  that  development 
is  guided  chiefly  by  conditions  without  the  organism.  It  is 
probable  that  the  correct  interpretation  lies  iKJtween  the  two 
extreme  views,  that  the  cell  does  have  a  compHcated  structure 
far  beyond  our  present  possibilities  of  knowledge,  but  that  the 
processes  of  development  are  largely  guided  and  controlled  by 
outer  influences. 


CHAPTER  XXVII 

HETEROSPORY 

B.  Heterospory.*  Heterospory  arose  in  the  pteridophytes 
the  establishment  of  two  sizes  of  spores,  called  mcgaspores 
J  spores)  and  microspores  (small  spores).  Heterospoiy  and 
ndependence  of  the  sporophyte  are  the  chief  contiil)utions 
e  pteridophytes  to  the  progress  of  plant  evolution.  The 
Ushment  of  megasix)res  and  microsi)ores  was  merely  the 
ning  of  a  number  of  far-reaching  developments  in  plants, 
which  are  really  parts  of  the  general  principle  of  hetero- 
.  They  all  reach  their  highest  degrees  of  specialization  in 
eed  plants,  as  will  be  described  in  the  next  chapter  and 
aarized  in  'Chapter  xxix,  but  most  of  them  are  clearly 
rated  in  the  pteridophytes. 
ese  developments  resulting  from  heterosi)ory  are : 
The  gametophytcs  l)ecame  difrerentiated  in  sex  so  that 
negaspore  always  develops  a  female  gamet()i)hyte  and  the 
)spore  a  male  gametophyte. 

The  siK)rangia  assumed  two  forms:  tncyasporanyia  de- 
[  to  the  production  of  megaspores  and  murosporanf/ia 
/Cd  to  the  production  of  microsix)res,  as  illustrated  by  Mar- 
Isoetes,  Sfldijinclht,  and,  as  will  appear  in  the  next  chapter, 
eed  plants. 

The  si>()re  leaves,  or  sjM)rophylls,  were  <lifferentiated  into 
sporoj)hyJls  and  inicrosporophylls  which  develoj),  respec- 
Ty  megasporangia  and  microsporangia,  as  illustrated  by 
?s,  Selaf/ine//(f,  and  the  seed  plants;  tlie  sporophylls  of 
ilia  l>ear  l)oth  forms  of  sporangia. 

'o  THE  iNsTKit  TOR  :  III  a  brief  course  or  with  immature  Htudents  this 
jr  should  be  omitted. 
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4.  A  tendency  was  developed  to  reduce  the  number  of  mega- 
spores  by  sacrificing  many  of  the  cells  which  might  be  fertile  so 
that  relatively  few  megaspores  are  formed,  but  these  are  very 
large  and  richly  supplied  with  food  material,  as  illustrated  by 
Selaginella  and  the  fieed  plants.  This  principle  is  clearly  similar 
to  that  by  which  plants  have  found  it  advantageous  to  produce 
a  limited  number  of  large  eggs  well  stocked  with  food,  even  at 
the  sacrifice  of  cells  which  may  have  been  originally  gametes, 
such  as  the  canal  cells  in  the  archegonium. 

5.  The  gametophytes  degenerated,  as  self-supporting  green 
plants,  to  a  condition  in  which  they  lost  their  chlorophyll  and 
became  dependent  upon  food  stored  in  the  megaspores  and  mi- 
crospores and  even  live  somewhat  parasitically  upon  the  sporo- 
phytes,  as  is  illustrated  in  the  early  stages  in  the  development  of 
the  female  gametophyte  of  Selaginella  and  in  the  gametophytes 
(pollen  tube  and  embryo  sac)  of  the  seed  plants. 

There  is  another  important  advance  in  plant  evolution  which 
is  closely  related  to  heterospory,  but  may  be  treated  to  better 
advantage  in  the  account  of  the  origin  of  the  seed  habit 
(Sec.  367).  This  advance  arose  in  the  seed  plants  when  the 
megaspore  became  retained  within  the  megasporangium  (a  por- 
tion of  the  ovule),  so  that  the  female  gametophyte  (embryo  sac) 
developed  like  a  parasite  upon  the  parent  sporophyte,  and  the 
male  gametophyte  (pollen  tu})e)  was  required  to  grow  down  to  the 
female  gametophyte  somewhat  parasitically  through  the  tissues 
of  the  ovule  to  bring  about  the  fertilization  of  the  egg  cell. 

339.  Sexual  characteristics  given  to  the  megaspore  and  mi- 
crospore by  means  of  heterospory.  The  megaspoi-e  and  micro- 
spore are  of  course  asexual  spores  because  they  are  formed  by 
an  asexual  plant,  the  sporophyte.  They  are  simply  specialized 
forms  of  the  similar  spores  present  in  the  liverworts,  mosses, 
the  common  ferns,  horsetails,  and  lycopods,  as  shown  by  their 
similar  origin  in  tetrads  at  the  end  of  the  sporophyte  generation. 

But  when  the  microspore  and  megaspore  became  clearly  dif- 
ferentiated through  heterospory  from  the  earlier  conditions  of 
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homospory  they  took,  on  certain  characteristics  of  sex.  This  does 
not  mean  that  the  microspores  and  megaspores  became  gametes, 
for  their  spore  nuclei  have  never  become  sexual  nuclei  in  any 
group  of  plants.  But  microspore  and  megaspore  did  assume 
sexual  characters  to  this  extent  that  they  always  give  rise, 
respectively,  to  male  and  female  gametophytes. 

Furthermore,  the  degeneration  of  the  gametophytes  steadily 
reduced  the  number  of  the  nuclear  divisions  between  the  germ- 
ination of  these  spores  and  the  formation  of  the  gametes  until 
the  gamete  puclei  have  been  brought  very  close  indeed  to  the 
spore  nuclei.  An  examination  of  the  figures  of  the  male  game- 
tophytes of  Marsilia  (Fig.  282,  .4),  Selaginella  (Fig.  290,  A),  and 
Isoetes  (Fig.  292,  ^)  will  show  that  there  can  hardly  be  more 
than  from  six  to  ten  nuclear  divisions  in  these  types  before  the 
sperms  are  developed.  There  are  even  fewer  nuclear  divisions 
in  some  groups  of  seed  plants  where  the  degeneration  of  the 
gametophyte  is  carried  much  further  than  in  the  j)teridophytes. 
Some  forms  of  angiosperms  present  but  a  single  division  of  the 
spore  nucleus  before  the  female  gamete  nuclei  are  formed,  as 
in  the  embryo  sac  of  the  lily  (Sec.  360,  note),  and  there  are  only 
two  nuclear  divisions  in  the  male  gameto]jhytes  (pollen  grain 
and  tube)  of  the  angiosi)erms. 

This  gradual  transference  of  sexual  characteiistics  to  portions 
of  the  asexual  generation,  accompanying  the  reduction  of  the 
sexual  generation,  is  one  of  the  most  interesting  results  of  the 
evolution  of  the  sporophyte  and  degeneration  of  the  gameto- 
phyte (summarized  in  Chapter  xxix),  for  it  makes  cl(*ar  many 
puzzling  conditions  in  the  seed  plants.  Thus  it  shows  why  the 
pollen  grain  (which  is  a  microspore)  is  wnWyfintrfioualh/  a  male 
reprcxluctive  structure  and  the  stamen  a  male  organ ;  and  why 
the  carpels  and  pistil  ^x^fuxctionaUy  female  organs,  even  though 
they  have  had  their  origin  on  asexual  plants  (sporophytes). 


chaptp:r  XXVIII 

THE  SPERMATOPHTTES  AND  THE  SEED  HABIT 

340.  The  spermatophytes.*  The  division  Spermatophyta 
(uu'Aiinuir  hccmI  plants)  contains  not  only  the  groups  frequently 
I'AilUul  "  ilowering  plants  "  but  also  other  groups  which  do  not 
have?  fl()W(?rH  in  th(;  jH)pular  sense  of  the  word,  for  the  repro- 
(hictivcj  orj^aiiH  are  borne  in  cones  or  clusters^ which  are  not 
at  all  HJiowy,  but  rather  inconspicuous.  These  are,  however, 
fl()W<MH  in  th(^  scientific  sense,  as  are  also  the  cones  of  the 
horsctail.s  and  chib  uiohhch.  The  spermatophytes  have  also  been 
called  p/udicrof/fnas,  or  phamofjdms  (meaning  evident  marriage), 
to  (liHtin^aiish  Ihcni  from  all  the  lower  gi'oups  of  plants  which 
were  called  <'ri//>f<}f/((ms  (meaning  hidden  marriage).  However, 
this  sejmnilioii  was  made  bi^fore  the  sexual  processes  of  the 
lower  phiiits  were  imdeistood,  for  as  a  matter  of  fact  they  are 
much  more  evident  than  (he  ('om})lieated  ones  in  the  seed  plants. 
The  seed  is  a  more  signilieant  structure  in  the  group  than  the 
llower,  so  (he  name  sju  nn((fo/)/tt/frs  has  in  recent  years  come 
in(o  lieneral   favor. 

The  seed  planl,  like  I  he  fern,  is  a  sporophyte.  There  is  a 
»»anu'(ophyle  generation  in  the  life  history  which  is,  however,  so 
mneh  reduecil  in  structure  that  it  can  only  be  understood 
by  a  eareful  stndy  of  I  he  reja'oductive  processes  in  seed  for- 
mation. It  is  I  he  main  purpose  of  this  chapter  to  make  clear 
the  pv>siiioii  oi  I  he  irametophyte  .u:enenuivai  in  the  life  histor}*, 
to^vuher  Nviih  ihe  ov'vj^'m  and  evolution  of  the  flower.  The  struc- 
ture and  piiysiolo^y  oi  the  sin^rophyte  aiv  considered  in  Part  I, 

•  Tv*  no  l\>rKi  1  rou:  VUv  inn\Hliu>iivM\  to  this  chapter  assumes  that  the 
lite  hi«iii»rv  v»t  sv»iin'  M-t\l  phuit,  ;is  the  piiio  or  lily,  hiis  been  studied  in  the 
labv>r.\torv. 

o<'>4 
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and  only  brief  reference  will  be  made  to  these  features,  which 
are  treated  there  in  detail  and  should  follow  this  account  if  they 
have  not  already  been  studied. 

341.  The  seed.  The  importance  of  the  seed  in  the  develop- 
ment of  plant  and  also  of  animal  life  can  hardly  be  exaggerated. 
For  the  plant  it  furnishes  one  of  the  surest  means  of  reproduc- 
tion not  only  because  of  protective  structures,  means  of  dispersal, 
long  vitality,  etc.  (see  Chapter  xxxiii),  but  also  because  the 
embr}'o  plant  is  carried  so  far  forward  in  its  development  that 
it  is  able  to  take  root  and  establish  itself  at  once.  And  fur- 
ther to  aid  the  embr}'o,  the  seed  is  a  storage  orgim  of  the  most 
condensed  forms  of  food  material  found  in  plants.  In  this 
respect,  also,  the  seed  has  proved  a  most  important  influence  in 
shaping  the  habits  and  in  a  large  measure  the  evolution  of  some 
forms  of  animal  life;  for  the  highest  groups  of  animals  live  to 
a  very  great  extent  directly  or  indirectly  upon  food  stored  in 
seeds  and  certain  fniits,  finding  there  some  of  the  richest  and 
most  nutritious  proteid  and  carboliy (Irate  foods.  The  animal 
life  of  the  Carboniferous  Age  (coal  age)  and  the  periods  imme- 
diately following  comprised  animals  of  gieat  bulk  of  Ixxly,  but  of 
low  nervous  organization.  They  browsed  on  the  vegetation  like 
the  hay  and  graas-eating  animals  (herl)ivoia)  of  to-day,  and  like 
them  their  bodily  structure  and  nervous  systcMu  were  adapted 
to  such  life  habits.  But,  later,  groups  aiose  with  digestive  organs 
adapted  to  richer  foods,  and  this  diet  becami^  associated  with 
varied  life  habits,  which  led  to  much  higher  types  of  nervous 
organization  and  bodily  structure. 

342.  The  morphology  of  the  seed.  The  mori>liolog\  of  the 
seed  can  only  be  undersUxxl  when  the  spurmatophytes  are 
studied  in  relation  to  the  pteridophytes.  The  si^ed  plant  is  a 
heterospormts  sporophyte.  The  pollen  grain  is  a  microspore. 
The  megaspores  of  the  seed  plant  are  never  shed.  They  are 
retained  in  the  megasix)rangium  and  never  even  lie  freely  as 
independent  cells,  but  are  always  in  close  i)hysiological  relation 
to  the  tissue  of  the  megasporangium.    The  cell  which  is  the 
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equivalent  of  the  m^aspore,  or  m^aspore  mother  cell,  is  called 
the  eifihrj/o  sac.  The  megasporangium,  termed  the  nucelliis, 
with  the  embno  sac  is  contained  within-  one  or  two  protective 
envelopes,  called  inteyumcntSy  and  tliis  group  of  structures  con- 
stitutes the  ovule.  There  is  developed  within  the  embr}o  sac  a 
much-reduced  female  gametophy te  which  lives  entirely  on  foods 
supplietl  by  the  sporophyte.  The  ovule  at  maturity  then  con- 
sists of  the  eml)ryo  sac  (megaspore  or  megaspore  mother  cell) 
with  the  female  gametophyte,  the  imcellus  (megasporangium), 
and  the  integuments. 

The  female  gametophytes  are  quite  different  in  the  two  great 
sul)divisions  of  seed  plants  (gj'mnosperms  and  angiosperms). 
In  the  first  group  (gynmosperms)  several  archegonia  are  gener- 
ally funned,  each  containing  a  single  large  egg.  In  the  second 
group  (angios})enns)  the  female  giimetophyte  is  verj*  much  re- 
duced and  (Hily  taie  egg  is  formed.  The  fertilization  of  an  egg 
leads  at  once  tu  the  development  of  an  embrj'o  sporophyte 
williin  the  enilnyo  sac  The  enihiyo  sporophyte  of  tlie  second 
generation  is  thus  n^nnislied  through  tlie  ovule  by  the  paivnt 
sporo})hyte  (»t"  the  lii-st. 

Thr  srn/  is  ft  riimttil  omlr,  that  is,  an  ovule  containinsr  an 
eniljryo  spor()})hyte  so  far  along  in  its  development  that  the  seed 
may  safely  he  separated  from  the  })arent  plant.  Morphologically, 
the  seed  is  conijMJsed  of  tissues  re]>resenting  three  generations: 

(1)  the  int(^gunients  and  nueellus  are  of  the  parent  sporophyte; 

(2)  the  enil»ryo  sac  contains  more  or  less  tissue  of  gametophyte 
origin  called  radosprrin  ' ;  {?))  an  enilnyo  sjH)rophyte  of  the  next 
generation  lit\s  within  tlie  eni])rvo  sac. 

343.  Pollination  and  fertilization.  The  retention  of  the  mega- 
spore (enil)ryo  sac)  within  the  megasporangium  (nueellus)  so 
that  the  female  gametophyte  is  containiHl  in  the  tissues  of  the 
sporophyte  has  resulted  in  moditieations  of  the  stnicture  and 

^  The  endosperm  of  the  angiosperm  seed  has  special  peculiarities  involved 
with  the  fertilization  of  the  e<r.i:  and  development  of  the  embryo.  a.s explaine<l 
in  Sees.  302  an<l  3r»3. 
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life  habits  of  the  male  gametophyte  quite  as  remarkable  as  those 
of  the  female.  These  peculiarities  are  concerned  with  two  dis- 
tinct processes  necessiry  to  insure  the  development  of  seeds, 
Qamely,  pollination  and  fertilization. 

The  pollen  grain  is  a  microspore  developed  in  groups.of  four 
(tetrads)  in  pollen  mother  cells  in  essentially  the  same  manner 
as  the  spores  are  developed  in  all  bryophytes  and  pteridophytes 
(Fig.  302,  B).  The  pollen  grain  forms  a  ver}^  much  reduced 
male  gametophyte,  which  is  represented  by  the  protoplasmic 
contents  of  the  pollen  grain  and  pollen  tube.  It  would  be  use- 
less for  the  male  gametophyte  to  form  and  discharge  sperms 
which  could  not  possibly  reach  the  embryo  sac  imbedded  in  the 
Qucellus  of  the  ovule.  So  the  sperm-forming  habits  of  the 
pteridophytes,  bryophytes,  and  the  alga?  are  generally  given  up, 
although  curiously  they  still  persist,  as  will  be  described  later, 
in  the  cycads  and  Ginkgo  (Sec.  348).  The  sjjerms  are  repre- 
sented by  two  speim  nuclei  developed  by  each  male  gameto- 
phyte and  discharged  from  the  tip  of  the  pollen  tube. 

The  pollen  tube  is  an  outgrowth  from  the  pollen  grain.  Its 
purpose  is  to  carrj'  the  sperm  nuclei  to  the  embryo  sac,  where 
ane  of  the  two  may  unite  with  the  egg  nucleus  and  fertilize  the 
egg.  In  one  of  the  two  subdivisions  of  seed  plants  called  the 
jjfmnosperms  (meaning  naked  seeds)  the  pollen  grains  are 
applied  directly  to  the  ovules,  and  the  pollen  tube  need  only 
^w  through  the  tissue  of  the  nuceUus  (megasporangium)  to 
peach  the  embryo  sac.  In  the  other  large  group  called  the  angio- 
sperms  (meaning  seeds  inclosed  in  a  vessel)  the  pollen  tubes 
must  penetrate  a  case  (the  pistil)  which  contains  the  ovules 
before  they  can  reach  the  ovules  themselves.  There  is  a  special 
receptive  surface,  called  the  stigma,  upon  this  structure,  where 
the  pollen  grains  find  moisture  and  other  conditions  favorable 
for  their  germination. 

Pollination  is  the  application  of  the  pollen  to  the  ovule  or  to  the 
stigma.  This  application  is  effected  in  various  ways,  sometimes 
by  the  wind,  sometimes  by  other  chance  processes,  but  many 
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plants  have  developed  elaborate  devices  to  insure  pollination,  as 
through  the  visits  of  insects  to  flowers  (see  Chapter  xxxii). 

Fertilization  is  effected  when  the  poUenaubepierces  the  embryo 
sac  and  one  of  its  two  sperm  nuclei  fuses  with  the  egg  nucleus. 
When  one  considei-s  the  extmordinary  modifications  of  the 
male  gametophytes  of  the  seed  plants,  the  process  of  pollination 
and  the  development  of  the  pollen  tube  seem  quite  ae  remark- 
able as  the  retention  of  the  female  gametophyte  iii  the  m^- 
sporangium.  They  are  lx>th  essential  features  of  the  seed  habit. 
344.  The  flower.  The  term  flower  in  the  popular  sense  gen- 
erally means  some  showy  structure  such  as  is  only  foimd  in 
certain  groups  of  the  angiosperms.  The  flower  in  the  scientific 
sense  consists  of  a  group  of  spore  leaves,  or  sporophylls,  with 
or  without  surrounding  envelopes,  which  may  or  may  not  be 
showy.  It  has  been  defined  as  "  a  shoot  beset  with  sporophylls.'* 
Since  the  seed  plants  are  heterosporous,  the  spore  leaves  are 
either  micnosporopliylls,  called  stamens  (producing  pollen)^  or 
they  are  nieoasporopliylls,  called  carpels  (producing  embryo  sa4:$ 
iu  the  ovules).  The  stanu'ns  and  carpels  of  the  gymnosperms 
are  generally  grouped  iu  eone.s  which  resemble  the  cones  of  the 
horsetails  and  clul)  mosses.  But  the  carpels  of  the  angiosperms 
form,  often  with  adjacent  tissue,  closed  cases  called  pistils. 

It  should  l)e  noted  that  the  cones  of  the  horsetails  and  club 
mosses  are  as  truly  flowers  in  the  scientific  sense  as  the  cones 
of  the  gynniosperms,  and  also  that  certain  groups  of  angio- 
speruis  (grasses,  sedges,  and  most  trees)  have  flowers  which  are 
not  showy. 

The  material  of  this  chapter  will  he  treated  under  the  follow- 
ing lu^adings : 

SulMlivisioii  T.    The  Livniiiosjx'rins,  or  (I'l/nuiospermce. 

SulKlivisioii  11.  The  aiiL;i(»s])<'rins,  or  A  nf/ins/termce. 

TIr'  ori<;iii  of  seed  ])lauts  iind  tlic^  seed  lia]>it. 

Tlic.  fVolntioTi  of  tlie  flow(>r. 

The  classification  of  tlic  an<^ios])cnns. 

Suininary  of  the  sj)erinatu])hytes  and  tlieir  relationships  to  the 
ptoriduphytes. 
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SUBDIVISION  I.    THE  GYMNOSPERMS,  OR 
GYMNOSPERMJE 

345.  The  gymnospenns.  The  gymnosperms  (meaning  naked 
seeds)  are  distinguished  from  the  angiosperms  because  their 
seeds  are  borne  exposed  on  the  carpela  They  comprise  not 
only  the  familiar  cone-bearing  trees,  or  conifers,  generally  with 
needle-shaped  leaves,  such  as  the  pines,  spruces,  firs,  hemlocks, 
larches,  cedars,  etc.,  but  also  the  large-leaved  cycads,  the 
straggling,  shrubby  Epliedras,  the  climbing  Gnctums,  and  that 
interesting  Japanese  tree  Ginkgo,  The  gymnosperms  contain 
the  most  ancient  groups  of  living  seed  plants,  and  the  fossil 
remains  of  primitive  types  are  found  in  the  Carboniferous  Age 
and  even  earlier  periods,  with  those  of  the  giant  horsetails  and 
club  mosses  (see  Cordaites,  Plate  VIII).  The  study  of  ancient 
gymnosperms,  together  with  a  fossil  group,  Ptcridospermcc, 
intermediate  between  the  pteridophytes  and  spermatophytes, 
may  throw  much  light  on  the  origin  of  the  seed  and  seed  habit. 

The  living  groups  of  the  gymnosperms  comprise  in  all  less 
than  450  species,  of  which  more  than  300  are  conifers  and 
about  80  are  cycads.  With  the  exception  of  the  conifers,  these 
groups  are  hardly  more  than  remnants  of  the  ancient  gynmo- 
sperm  floras.  But  the  conifers  are  a  very  successful  group, 
which  still  forms  extensive  forests  in  some  temperate  regions 
and  covers  mountain  sides  and  certain  large  rather  baiTen  areas, 
although  such  forests  are  being  rapidly  cut  off  for  timber.  Of 
the  smaller  groups  the  cycads  are  mostly  tropical,  the  Ephedras 
are  chiefly  desert  plants,  and  the  Giietums  tropical  vines  with 
large-veined  leaves.  Like  the  horsetails  and  club  mosses,  the 
Ephedras  have  for  the  most  part  developed  peculiar  life  habits 
under  unfavorable  conditions,  and  so  have  been  able  to  avoid 
total  extinction  by  withdrawing  as  far  as  possible  from  comj)e- 
tition  with  the  more  recent  floras. 

This  account  can  only  consider  the  two  largest  groups,  the 
cycads  and  the  conifers. 
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The  Cycads 

346.  The  cycads.  The  cycads  (order  Cycadalcs)  have  thick 
stems  which  rarely  branch  and  are  generally  rather  short,  resem- 
bling immense  tubers  partly  buried  in  the  ground  (Fig.  293,  A), 


A,  plant  lieftring  » 
i'ariK'lJate  vmm.  li, 
a  carpel  lu  iiiJe 
viei\^  sUowin*;  the 
two  very  large 
ovules:  tn,  inyt^ra- 
pyle.  —  J,  adapted 
from  a  pUoto^rupb 
by  Liiud 


P'lG.  208.    A  cycad  (Zamia) 


Some  of  the  cycads  have,  however,  stems  which  rise  like  col- 
umns ten  to  forty  feet  high.  The  compound  leaves,  like  immense 
stiff  feathers,  form  a  crown  at  the  top  of  the  stem  so  that  the 
general  habit  of  the  cycads  is  somewhat  like  that  of  the  tree 
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fems  and  palma  One  form  {Cycas  revoluta),  incorrectly  called 
the  sago  palm  (since  it  is  not  a  palm),  is  valuable  for  the  sago 
of  commerce  which  is  obtained  from  the  stem. 

347.  The  cones  of  the  cycads.  Some  of  the  cycads  bear 
cones  composed  either  of  carpels  (megasporophylls),  or  stamens 
(microsporophylls)  which  resemble  large  scales.  Carpellate  and 
staminate  cones  are  always  borne  on 
separate  plants.  In  other  types,  how- 
ever, as  Cycas  revoluta,  the  carpels, 
especially,  have  more  nearly  the  ap- 
pearance of  vegetative  leaves  (Fig. 
294),  and  form  rosettes  at  the  top  of 
the  stems.  Cycas  rcvoluta  is  fre- 
quently grown  in  park  conservatories, 
and  occasionally  produces  these  ro- 
settes of  hairy,  orange-colored  carpels, 
which  bear  a  series  of  ovules  as  large 
as  plums  on  either  side.  Well-differ- 
entiated cones  are  present  in  Zamia 
(Fig.  293,^),  which  is  quite  common 
in  southern  Florida.*  The  carpel 
(Fig.  293,  B)y  in  this  genus,  bears  two 
ovules  and  the  stamen,  a  group  of 
pollen  sacs  (Fig.  295,  A).  The  ovule 
(Fig.  295,  D)  has  a  thick  integument  *'^*--  '^*^-  Carpel  of  Cyccw  revo- 
surrounding  the  lai^e  nucellus,  in  '^^  bearing  five  ovules 
which  lies  the  embryo  sac  containing  the  female  ganietophyte. 
The  pollen  grains  of  Zamia  enter  the  opening  called  the  micro- 
pyle  (meaning  little  gate),  where  the  integument  fails  entirely 
to  inclose  the  nucellus,  and  so  come  to  lie  in  a  small  cavity 


•  To  THE  Instructor  :  It  ought  to  be  possible  to  obtain  ZMmia  in  ijuantities 
for  advanced  classes.  The  type  is  most  admirable  for  the  study  of  the 
gametophytes  of  gymnosperms.  The  best  account  of  these  is  given  by  Web- 
ber, United  States  Department  of  Agriculture,  Bureau  of  Plant  Industry, 
Bulletin  t,  1001. 
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termed  the  pollen  chamber  (Fig.  295,  D^p).  The  pollen  grains 
germinate  in  the  pciUen  chamber,  forming  male  gametophytes, 
whose  development  disorganizes  much  of  the  tissue  at  the  tip 

of  the  nucellus,  so  that  the 
pollen  grain  end  of  the  male 
gametophytes  finally  hang 
down  just  above  the  em- 
bryo sac. 

348.  The  gametophytes 
of  the  cycads.  The  embr}o 
sac  of  the  cycads  is  said  to 
develop  from  one  of  a  group 
of  four  cells  in  the  interior 
of  the  nucellus.  Such  a 
group  is  undoubtedly  a 
tetrad,  and  each  of  the  four 
cells  corresponds  to  a  mega- 
spore,  but  only  one  produces 
a  female  gametopliyte,  and 
thus  becomes  an  embryo  sac. 
The  nucleus  of  the  em- 
bryo sac  (mogaspore  nucleus) 
gives  rise  to  a  great  many 
hundred  nuclei,  and  the 
amount  of  protoplasm  in- 
creases very  greatly  until 
tlie  embryo  sac  occupies  the 
larger  part  of  the  interior 
of  the  nucellus  in  this  large 
ovule.  The  nuclei  at  first  lie 
fiecly  in  the  protoplasm,  but, 
later,  walls  are  formed  and 
the  embryo  sac  becomes  filled  with  a  delicate  tissue,  called  the 
emJosprri/i  (Fh^.  295,  7>),  which  corresponds  to  the  vegetative  part 
of  a  protballium  in  a  fern.    Several  archegonia  are  developed  at 


Vie.  295.   The  sperms  and  ovule  of  a 
eyead  {Zajnid) 

.1.  lowiT  surface  of  a  stamen,  with  numer- 
ous pollen  sacs  in  two  groups.  7>,  the  two 
lar^ie  t<>i>-sjiape(l  motile  sjx'rms  at  the  end 
of  the  pollen  lul)e  ready  to  l)e  dischariced 
ahove  the  arche4«»nia.  (\  a  sperm  viewed 
from  the  end.  showin;^;  the  spiral  l)and 
whicli  bears  the  cilia.  J),  diai^ram  of  a 
section  of  an  ovule  after  pollination:  ;/j, 
micropyle  ;  /,  integument ;  /),  pollen  cham- 
ber; //,  nucellus  eontaininji  devehtpin^ 
pollen  tub<'s;  </.  arehe.ijonia,  with  lar;.(e 
e;r;,'s  iml)edded  in  the  endosperm  (female 
j;ametoj)hyte).  — 7^  C,  after  Webber 
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the  micropylar  end  of  the  endosperm  (Fig.  295,  i>,  a).  These  are 
very  much  reduced  in  structure,  the  neck  being  represented  prob- 
ably by  two  small  cells  and  the  very  large  eggs  lying  imbedded 
in  the  cells  of  the  endosperm. 

The  male  gametophyte  consists  of  the  protoplasm  with 
several  nuclei  contained  in  the  pollen  grain  and  tube.  Some  of 
the  nuclei  near  the  pollen  grain  end  of  the  tube  lie  within  deli- 
cate cell  walls.  One  of  these  cells  termed  the  generative  cell 
develops  two  sperm  mother  cells  which  become  organized  into 
two  very  large  ^inotile  sperms  (Fig.  295,  By  C),  each  with  a  spiral 
band  or  line  bearing  hundreds  of  cilia.  The  two  sperms  finally 
begin  to  move  around  in  the  fluid  of  the  pollen  tube  and  are 
discharged  from  the  end  nearest  the  pollen  grain  (which  now 
hangs  down  over  the  embr^'o  sac)  into  the  fluid  within  the 
cavity  formed  from  the  disorganized  tissue  at  the  tip  of  the 
nucellus.  The  pollen  tube  in  the  cycads  grows  off  to  one  side 
in  the  nucellus  and  seems  to  be  a  sort  of  absorbing  organ,  so 
that  it  does  not  carry  the  sperms  to  the  embryo  sac  as  the 
sperm  nuclei  are  carried  in  most  seed  plants. 

The  motile  sperms  are  set  free  in  the  fluid  above  the  embryo 
sac,  whose  female  gametophyte  at  that  time  bears  mature  arche- 
gonia.  They  have  been  observed  swimming  about  for  many  min- 
utes in  sections  of  the  living  ovules,  and  probably  have  a  long 
motile  period  in  the  ovule.  One  of  them  is  finally  able  to  enter 
the  neck  of  an  archegonium,  and  fusing  with  an  &gg  fertilizes  it. 

The  finding  of  motile  sperms  in  the  cycads  and  in  Ginkgo^ 
by  two  Japanese  botanists  in  1896-1897  proved  two  of  the  most 
interesting  botanical  discoveries  of  the  past  decade.  It  is  very 
remarkable  that  the  sperm-forming  habits  of  the  l)ryopliytes  and 
pteridophytes  should  have  persisted  so  long  after  the  seed  habit 
became  established  in  a  group.  The  free  swimnung  of  these 
motile  sperms  is  actually  a  return,  such  as  occurs  in  the  brj'o- 
phytes  and  pteridophytes,  for  a  short  time  in  the  life  history  of  the 
cycad  to  the  aquatic  habits  of  an  algal  ancestry  of  ages  ago. 
*  A  beautiful  Japanese  tree,  not  uncommon  under  cultivation. 
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The  Conifers 

349.  The  conifers.  This  group  (order  Coniferales)  has  repre- 
sentatives distributed  all  over  the  earth,  some  of  them  forming 
the  most  extensive  forests  and  having  the  greatest  value  as 
timber  trees.  There  are  not  many  more  than  300  species  of 
conifers,  of  which  the  pmes  [Pinus)  have  70;  PodocarpiLs 
(growing  in  South  America  and  eastern  Asia),  40 ;  the  junipers 
(Ju7iiperus)y  30;  certain  cedars  (Cupressus),  20;  the  firs  (Abies), 
20;  and  the  spruces  (Picea),  12.  Others  have  few  species  and 
a  very  limited  distribution.  Such  a  form  is  the  giant  redwood 
of  California  {Sequoia  gigantea),  which  is  found  only  in  a  few 
scattered  groves  in  the  Sierra  Nevada  Mountains  (Fig.  33). 

350.  The  form  and  foliage  of  the  conifers.  The  form  and 
foliage  of  the  conifers  is  generally  very  characteristic.  The 
trees  have,  as  a  rule,  a  single  central  stem  which  rises  vertically 
from  the  ground,  and  the  side  branches  spread  out  horizontally 
from  this  shaft  so  that  the  trees  are  very  symmetrical  and  taper 
to  a  point  like  a  cone.  The  foliage,  as  a  rule,  consists  of  scale- 
or  needle-shaped  leaves,  whieh  usually  remain  on  the  trees  for 
a  number  of  years  so  that  most  of  the  trees  are  evergreen.  But 
there  are  some  exceptions  to  the  rule,  as  the  larch  or  tamarack 
(Larir),  whieh  sheds  its  needles  every  year. 

The  needle  leaves  ean  endure  severe  cold,  fierce  heat,  and 
drought.  This  is  made  possible  by  their  very  compact  structure 
(Fig.  29()),  whieli  presents  a  minimum  of  surface  exposure  and 
the  protective  layer  of  thick-walled  cells  under  the  heavy  epider- 
mis. The  chlorophyll-bearing  tissue  is  closely  i)acked  in  the  pine 
leaf  and  consists  of  cells  with  peculiar  infolding  walls.  Some 
species  of  ])ine  liave  needles  with  one  fibro-vascular  bundle,  e.g. 
the  white  pine ;  others  have  two  bimdles,  e.g.  the  Scotch  and 
the  Austrian  pine.  The  buds,  leaves,  and  stems  contain  much 
resin  and  turpentine,  wliich  render  tliem  unpalatable  to  grazing 
animals  and  cover  them  with  a  film  which  sheds  water  and 
protects  the  plant  both  from  the  winter's  cold  and  the  summer's 
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growing  point  before  the  fibro-vascnlar  bundles  and  bark  are 
formed.  It  practically  disappears  as  the  stem  grows  older  and 
the  wood  increases  by  a  number  of  years  of  annual  growth. 

The  woody  or  xylem,  comprises  by  far  the  greater  part  of  older 
stems,  becoming  proportionally  greater  as  each  annual  ring  is 
added.  It  is  composed  of  very  much  elongated  cells,  called 
tracheidSy  with  firm,  somewhat  yellowish,  thick  walls.  Cell 
walls  of  this  character  are  said  to  be  lignificd.  These  cells  con- 
tain pits  (Fig.  297,  E,F,  G)  surrounded  by  a  circle  and  termed 
bordered  pits,  the  circle  being  a  feature  characteristic  of  this 
group  of  plants.  There  are  resin  ducts  among  the  wood  cells, 
and  also  peculiar  plates  of  cells  called  medullary  rays  which 
extend  through  the  cambium  and  bast  into  the  outer  wood.  The 
medullary  rays  have  the  form  of  thin  knife  blades  penetrating 
the  wood  for  various  distances. 

The  cambium  is  a  cylinder  of  thin-walled  cells  just  oiitside 
of  the  wood,  and  is  the  most  active  region  of  growth  in  the 
stem.  This  cylinder  (Fig.  297,  C)  is  only  two  or  three  cells 
wide,  and  the  cells  are  continually  dividing  by  walls  parallel  to 
the  surface  (tangentially)  during  the  season  of  growth.  The 
daughter  cells  on  the  inside  of  the  cambium  become  firm  wood 
cells  by  the  thickening  of  their  walls  together  with  certain 
changes  (lignification)  that  give  thorn  firmness  ;  they  also  become 
empty  of  protoplasm.  The  daughter  cells  on  the  outside  of  the 
cambium  form  the  bast,  remaining  soft  and  containing  proto- 
plasm and  much  food  material.  The  cambium  thus  adds  cells  to 
the  wood  on  the  inside  and  the  bast  on  the  outside.  The  wood  is 
deposited  in  annual  rings  during  the  season  of  growth,  and  theye 
are  sharply  distinguished  from  one  anoth(*r  })ecaiise  the  wood 
cells  formed  at  the  beginning  of  one  season  arc  hirgcr  than  those 
formed  in  the  latter  part  of  the  j)revious  season  (Fig.  297,  J/). 

The  bast  is  difficult  to  study  chiefly  bccausr?  tlni  rclls  are 
under  severe  pressure  from  the  growin*^  camliiiiiii  on  th*^  inside 
and  the  restraining  bark  on  the  c)utsi(i(%  and  the  ci-ll  arran^r^- 
ments  are  frequently  distorted. 
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The  outer  hark  is  developed  from  the  primitive  or  ground 
tissue  which  lay  outside  of  the  circles  of  wood  and  bast  when 
these  circles  were  first  formed  by  the  union  of  the  primary 
fibro-vascular  bundles  (Fig.  297,  A),  as  described  in  Sec.  79. 
There  is  much  actively  growing  tissue  in  the  bark,  but  the  outer 


Fifi.  21)8.   The  stuiniiuite  ooik',  stamen,  luid  pollen  of  the  Scotch  pine 
(Pinus  sijlvcstris) 

A,  young  growth,  with  staminate  coiu's  about  two  weeks  after  the  opening  of  the 
terminal  hud.  B,  details  of  rone.  f\  end  view  of  stamen.  D,  side  view  of 
stamen.  E,  pollen  mother  cell  developing  four  pollen  grains  in  a  tetrad.  F, 
pollen  grain  showing  the  two  wings:  p,  prothallial  cell;  g,  generative  cell; 
^  tube  nucleus.  —  K,  after  Miss  Ferguson 

regions  become  ([uite  dead,  and  crack  under  the  pressure  of  the 

growing  cambium,  thus  forming  scales.    The  cracks  are  healed 

by  the  living  tissue  of  the  ])ark.    The  bast  is  generally  so  closely 

ached  to  the  outer  bark  that  it  peels  off  with  it,  and  therefore 
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is  a  sort  of  inner  bark  and  must  be  included  in  any  account 
of  this  region  of  the  stem. 

The  functions  of  these  tissues  are  discussed  in  Part  I, 
Chapter  viii. 

352.  The  cones  of  the  pine.  The  cones  of  the  pine,  as  in  all 
conifers,  are  of  two  sorts:  (1)  staminate,  when  made  up  of  stamens 
(microsporophylls),  and  (2)  carj)ellute,  when  composed  of  carpels 
(megasporophylis). 

Tlie  staminate  cone.  The  staminate  cones  are  developed  in 
clusters  on  the  young  growth  that  appears  late  in  the  spring 
with  the  opening  of  the  terminal  buds  (Fig.  298,  A).  Each 
cone  consists  of  a  large  number  of  stamens  closely  packed 
together  and  arranged  somewhat  spirally  around  the  central  axis 
(Fig.  298,  B),  The  stamen  bears  two  pollen  sacs  (Fig.  298,  C,  Z)), 
within  which  the  pollen  grains  are  developed.  The  pollen  grains 
are  formed  in  groups  of  four,  or  tetrads  (Fig.  298,  E),  just  like 
the  spores  of  the  brjophytes  and  pteridophytes,  and  their  further 
history  shows  them  to  correspond  exactly  to  the  microspores.^ 
The  pollen  sac  is  then  a  microsporangium,  and  the  stamen  a 
microsporophylL  The  pollen  sacs  develop  from  a  group  or  region 
of  cells  as  in  the  horsetails,  lycopods,  and  Selaginella,  and  not 
from  a  single  surface  cell  as  in  the  common  ferns. 

The  pollen  grains  are  produced  in  enormous  quantities,  and 
being  set  free  by  the  splitting  of  the  pollen  sacs,  they  are  scat- 
tered as  fine  yellow  dust  by  the  wind.  Sometimes  pollen  is  carried 
from  pine  forests  by  the  wind  for  many  miles,  falling  as  so-called 
showers  of  sulphur.  The  pollen  grains  are  especially  adapted 
for  distribution  by  the  wind,  for  the  outer  layer  of  the  cell  wall 
is  swollen  on  two  side.s  to  form  outstanding  wings  (Fig.  298,  F). 

>  This  relationship  is  further estahlished  by  the  count  of  the  chrouiosouies 
in  the  Scotch  pine  (Pinus  sylvestris),  which  sliows  that  tlie  p<»llen  fjnun  has 
12,  while  certain  tissues  of  the  pine  sporophyte  have  24.  ToUen  format  ion 
is  then  the  period  of  chromosome  reduction  when  the  sporoi)liyte  ^enenition 
passes  over  to  the  gametophyte,  as  explained  in  Sees.  334  and  835.  Similar 
chromosome  reduction  undoubtedly  takes  place  with  the  formation  of  the 
embryo  sac  in  the  nucellus. 
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The  carpellaie  cov£.  The  carpqllate  cones  have  a  complex 
structure  that  cannot  here  be  described  in  detail.  Th^y  ftre 
borne  singly  or  in  groups  of  two  or  three  at  the  ends  of  the  new 
growth  in  tae  spring  (Fig.  299,  A)  simultaneously  with  the 
staminate  cones.  Each  cone  is  composed  of  scales  arranged 
somewhat  spirally.  Each  scale  (Fig.  299,  B)  is  believed  to  be 
a  group  of  three  fused  carpels  (the  point  representing  a  sterile 
carpel  between  two  fertile  ones).  The  scale  bears  a  pair  of 
ovules  below  on  the  inner  face,  near  the  place  where  it  is 
attached  to  the  axis  of  the  cone. 

The  ovule  has  a  large  nucellus,  surrounded  by  an  integu- 
ment, which  bears  two  appendages  looking  like  a  pair  of  horns 
in  miniature  (Fig.  299,  ^,o).  The  embryo  sac  which  develops 
in  the  center  of  the  nucellus  is  one  of  a  group  of  four  cells,  or 
tetrad,  which  shows  its  relationship  to  a  spore  (megaspore)  and 
to  the  pollen  grain.  Tlie  other  three  cells  of  the  tetrad  fail  to 
develop,  so  that  all  the  strength  of  the  ovule  is  given  to  this 
single  functional  megaspore  which  produces  the  female  gameto- 
phyte.  The  ovule  is  an  outgrowth  from  the  surface  of  the  car- 
pel, its  nucellus  (Fig.  300  A,  n)  corresponds  to  a  megasporangium, 
and  the  integuments  (P'ig.  300,  Ay  t)  are  probably  protective 
investments.  The  integuments  do  not  completely  inclose 
the  nucellus,  but  there  is  left  a  small  opening  at  the  tip 
(Fig.  300,  A,  m)  called  the  micropyle. 

353.  Pollination  in  the  pine.  The  young  carpellate  cones  are 
upright  wlien  they  first  appear,  and  the  scales  are  slightly  sepa- 
rated from  one  anotlier.  Wlien  the  pollen  is  shed  in  clouds 
from  the  stamens  some  of  the  grains  are  carried  by  the  wind 
to  the  carj)ell{ite  cones  and  sift  in  between  the  scales,  collecting 
in  little  drifts  near  the  ovules.  This  is  the  ])rocess  of  pollination. 
At  this  time  there  are  globules  of  moisture  ])etween  the  two  horn- 
like appendages  of  the  ovules,  and  the  pollen  grains  are  caught 
by  these.  The  fluid  gradually  dries  up,  drawing  the  pollen  grains 
toward  the  micropyle,  and  finally  into  a  cavity  called  the  pollen 
chamber  (Fig.  300,  A,  pc),  which  lies  just  above  the  nucellus. 
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Meanwhile  the  scales  of  the  cone  close  together  and  the  cone 
bends  over  until  it  hangs  downward.  This  is  a  curious  behavior, 
although  there  is  evident  advantage  to  the  plant,  for  the  cone  is  now 
in  a  better  position  to  protect  the  ovules  from  rain  or  dust  which 
might  enter  between  the  scales  if  the  cones  remained  upright. 


Fig.  yOO.   The  gamctophyU'S  of  the  pine 

.1,  diac^ram  of  a  section  of  a  year-old  ovule:  embryo  sae  with  mature  archegonia 
ar  imbedded  in  the  tissue  of  the  endospenn  (female  gametophyte) ;  pollen 
tubes  (male  gametoi)liytes)  growing  down  throu.u:h  the  tissue  of  the  nucellus 
7i\  pc,  pollen  chamber;  ?7i,  micropyle ;  ?,  integument.  7i,  germinating  pollen 
grain,  showiiii;  young  male  gametophyte :  t,  tube  nucleus :  //,  generative  nucleus : 
p,  prothallial  cell.  (',  tip  of  pollen  tube  applied  to  the  e,u:g:  t,  tube  nucleus: 
5,  the  two  sperm  nuclei.  I),  a  mature  archeuonium  sunken  in  the  tissue  of  the 
eudosp^'rm,  showing  the  large  e.u:,ii  surrounded  by  a  jacket  of  cells  rich  in  proto- 
plasm :  two  neck  cells  of  the  arche^onium  shown  just  above  the  egg.  —  /i,  C, 
after  Miss  Ferguson 
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354.  The  gametophytes  of  the  pine.  The  pine,  like  all  seed 
plants,  is  of  course  lieterosporous  because  it  has  microspores 
(pollen  grains)  and  megaspores  (embryo  sacs) ;  so  there  are  two 
gametophytes,  male  and  female. 

The  male  gametophyte.  The  male  gametophyte,  as  in  most,  if 
not  all,  seed  plants,  begins  to  develop  before  the  pollen  is  shed. 
There  are  three  nuclear  divisions  which  cut  off  two  small  cells, 
called  prothallial  cells,  of  which  traces  may  sometimes  be  found 
against  the  wall  of  the  pollen  grain  (Figs.  298,  F,p]  300,  B^p), 
The  third  division  leaves  the  pollen  grain  with  a  nucleus  (the 
tube  nucleus)  in  the  central  region  and  a  small  lens-shaped  cell 
(the  generative  cell)  at  one  side  (Fig.  298.  F,  g).  This  is  the 
condition  when  the  pollen  is  shed. 

Shortly  after  {xJlination  the  pollen  tubes  begin  to  develop 
in  the  pollen  chamber  (Fig.  300,  A,pc)y  but  their  development 
is  very  slow  until  the  following  spring.  Then  the  large  tube 
nucleus  passes  to  the  tip  of  the  tube,  wliich  grows  rapidly 
towards  the  center  of  the  nucellus  (disorganizing  the  surround- 
ing tissue  as  it  does  so),  where  the  female  gametophyte  lies 
within  the  embryo  sac.  The  generative  cell  now  divides  into  a 
stalk  and  body  cell  which  pass  into  the  tube.  The  body  cell 
forms  two  sperm  nuclei  a  few  weeks  later.  Four  nuclei  are 
then  finally  present  at  the  end  of  the  pollen  tube  (two  sperm 
nuclei,  the  tul)e  nucleus,  and  that  of  the  stalk  cell).  The  pollen 
tube  has  now  reached  the  embryo  sac  and  is  ready  to  discharge 
its  contents  into  one  of  the  eggs  developed  by  the  gametophyte 
(Fig.  300, 2>). 

The  female  gametophyte.  The  embryo  sac  (megaspore)  is  li 
one-nucleate  cell  at  about  the  time  of  pollination.  This  nucleus 
gives  rise  by  rejx^ated  divisions  to  a  large  number  of  nuclei  that 
lie  at  first  freely  in  the  protoplasm  as  the  embryo  sac  gradually 
increases  in  size.  Later,  cell  walls  ai-e  formed  around  the  free 
nuclei,  and  the  entire  embryo  sac  l)ecomes  filled  with  a  delicate 
tissue  called  the  endosperm  (Fig.  300,  A),  which  corresponds  to 
the  vegetative  portion  of  a  prothallium.    It  takes  almost  a  fulL 
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year  for  the  female  gametophyte  to  reach  this  stage  of  devel- 
opment, when  it  occupies  the  greater  part  of  the  nucellus.  In 
the  spring  following  the  pollination  of  the  cone,  the  endosperm 
forms  a  group  of  several  archegonia  at  its  micropylar  end.  Each 
archegonium  (Fig.  300,  D)  consists  of  a  much-reduced  neck 
region,  generally  composed  of  four  •  cells,  and  the  very  large 
egg  which  lies  imbedded  in  the  endosperm,  whose  cells  form  an 
investment  around  it  called  the  jacket.  The  egg  is  filled  with 
dense  protoplasm  and  contains  much  food  material  supplied 
through  the  cells  of  the  jacket. 

This  is  the  condition  of  the  female  gametophyte  thirteen 
months  after  pollination.  At  about  this  time  the  pollen  tube 
reaches  the  embryo  sac  and  entering  it  passes  between  the 
neck  cells  of  an  archegonium,  where  its  tip  fuses  with  the  egg 
membrane.  The  contents  at  the  end  of  tlie  pollen  tube  are  dis- 
charged into  the  egg,  including  not  only  the  two  S];)erm  nuclei, 
but  also  the  tube  nucleus  and  that  of  the  stalk  cell.  One  of 
the  sperm  nuclei  moves  towards  the  e<i;g  nucleus,  which  lies 
near  the  center  of  the  eg<^,  and  fusing  with  it  completes  the 
act  of  fertilization.  The  other  three  nuclei  break  down  and 
soon  disap])ear. 

355.  The  development  of  the  embryo  in  the  pine.  Fertiliza- 
tion takes  place,  as  described  above,  a  little  more  than  a  year 
after  pollination.  The  cone  during  this  time  has  increased 
greatly  in  size,  but  is  generally  hardly  a  third  as  large  as  the 
mature  seed-bearing  cone. 

The  fertilized  egg  soon  begins  to  develop  the  pine  embryo. 
This  is  a  complicated  history,  which  cannot  be  described  here  in 
detail.  The  embryo  is  however  formed  at  the  end  of  a  structure 
called  tlie  suf^poifior  (Fig.  299, /""j-s),  whose  development  carries 
the  embryo  into  the  center  of  tlie  endosperm,  where  it  lies 
in  a  favorable  situation  for  its  nourishment.  Tlie  embryo 
(Fig.  299,  7^^,  cm)  is  straight,  and  the  stem  part  is  surrounded 
by  a  circle  of  seed  leaves  called  cotyJedons.  The  pine  seedling 
is  shown  in  Fi^.  12. 
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Meanwhile  the  integument  becomes  firmer  and  finally  forms 
the  hard,  protective  seed  coat,  or  testa  (Fig.  299,  F,  t).  Adjacent 
tissue  of  the  cone  scale  above  the  ovule  develops  a  membranous 
wing  (Fig.  299,  C,  w),  which  separates  from  the  scale  of  the  cone 
with  the  ovule  as  a  part  of  the  seed.  It  takes  another  full  year 
for  these  changes  to  take  place,  and  the  cone  is  not  fully  mature 
(Fig.  299,  D)  and  the  seeds  ripe  until  somewhat  more  than  two 
years  after  poUination.  Then  the  scales  of  the  cone,  now  quite 
woody  in  texture,  separate,  and  the  seeds  are  shaken  out,  and 
since  they  are  winged  (Fig.  299,-2^)  they  may  be  carried  for  a 
considerable  distance  by  the  wind. 

356.  The  life  history  of  a  gymnosperm.  The  life  history  of 
a  gymnosperm,  beginning  with  the  sporophyte  (for  the  gameto- 
phyte  phases  are  now  so  inconspicuous  that  they  only  appear 
during  the  process  of  seed  formation),  may  be  formulated  as 
follows : 

pollen  grain  —  Male  Gametophyte— sperm  nucleus  v 

SnOrO-  /      OHicnmpun)  iprolof.lnMmic  cunUntt  \         Sporophute. 

f.  ^     \  nf  pollen  tube)  /  —     *■     ^ 

V  \r^  \  emifryo  sac  —  Female  Gametophyte  —  egg  ^  ®  ^* 

(.megtuytore)  (  protttphtunuc  contents 

qf'  etnbryo  $ac) 

This  in  abbreviated  form  becomes 

^<es^FeG^e>-'^>  ^^''• 

This  formula  should  be  compared  with  that  of  some  hetero- 
sporous  pteridophyte,  as  Selaginella  (Sec.  326),  to  make  clear  the 
relationships.  When  carefully  studied  it  will  be  found  to  be 
merely  an  elaborated  form  of  the  simple  formula  of  alternation 
of  generations. 

G<^>-AS-.9jt?-G<f>-^-5jt)-GJ,  etc. 

V  c 

The  peculiarities  of  the  life  history  of  a  g)^nin()si)erm  are  due 
to  heterospory  (and  this  is  true  of  all  seed  i)lants),  by  means  of 
which  two  sexual  plants,  male  and  female,  liave  been  differen- 
tiated, and  the  fact  that  both  gametophytcs  live  wholly  or 
almoet  wholly  as  parasites  upon  the  sporophyte. 
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SUBDIVISION  II.    THE  ANGIOSPERMS,  OR 
ANGIOSPERMjE 

357.  The  angiosperms.  The  angiosperms  (meaning  seeds  in 
a  vessel)  are  distinguished  by  the  fact  that  the  ovules  are  devel- 
oped in  a  closed  case  (ovule  case  or  ovary)  formed  by  the  car- 
pels, sometimes  alone  but  often  together  with  adjacent  tissue  of 
the  stem.  This  immense  assemblage  of  plants,  with  more  than 
120,000  species,  forms  the  greater  part  of  the  earth's  vegetation 
and  includes  the  most  successful  groups,  dominating  most  of 
the  land  floras.  It  is  a  much  more  varied  assemblage  than  the 
gymnosperms,  and  successful  in  every  vegetation  form  (herb, 
shrub,  or  tree).  The  angiosperms  adapt  themselves  to  all  sorts 
of  life  conditions,  some  of  them  being  aquatics,  others  covering 
the  meadows,  prairies,  and  heaths,  certain  groups  entering  the 
deserts,  and  the  trees  forming  forests  generally  accompanied 
by  undergrowths  of  shrubs.  They  occupy  the  highest  points  of 
plant  evolution,  but  along  a  great  many  very  divergent  lines,  for 
some  of  the  culminating  groups  are  the  grasses,  the  hardwood 
trees,  the  composite  groups,  the  orchids,  etc. 

The  general  structure  of  the  angiosperms,  including  the  roots, 
stems,  leaves,  flowers,  and  fruits,  together  with  many  principles 
of  plant  physiology  best  illustrated  in  this  group,  have  been 
described  in  Part  1.  This  account  will  consider  chiefly  the  life 
history,  with  especial  reference  to  the  gametophyte  generations 
and  significance  of  the  flower. 

358.  The  angiosperm  flower.  The  essential  structures  of 
the  angiosperm  flower  (Fig.  301),  as  of  the  gymnosperms,  are 
the  stamens  (microsporophylls)  and  the  carpels  (megasporo- 
phylls);  but  in  addition  to  these  some  accessory  j)arts  are  gen- 
erally present,  which  are  either  modified  leaves  of  the  plant, 
or  sometimes  stamens  and  eari)els  that  have  become  sterile. 
These  accessory  parts  constitute  the  perianth  (Fig.  301,  p), 
situated  on  the  stem  just  below  the  stamens  and  carpels,  and 
are  generally  showy  structures,  but  also  protective,  at  least  in 
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the  bud.  The  perianth,  as  a  rule,  gives  the  characters  of  color 
and  form  which  in  popular  usage  define  a  flower.  It  is  a  very 
important  accession,  for  it  has 
resulted  in  some  remarkable 
adaptations  and  devices  on  the 
part  of  the  plant  to  insure  pol- 
lination by  the  visits  of  insects 
(see  Chapter  XXXII).  The  struc- 
ture of  the  perianth,  with  its 
parts,  —  sepals  and  petals,  — 
is  described  in  Chapter  xiii. 
Besides  having  the  perianth, 
the  angiosperm  flower  is  pecul- 
iar in  that  the  ovules  are  not 
normally  exposed  on  the  sur- 
face of  the  carpels.  This  means 
that  the  carpels,  either  singly 
or  in  groups,  form  closed  struc- 
tures, which  may  be  termed 
ointle  cases.  The  ovule  case, 
generally  called  the  ovary  (an 
unfortunate  term,  for  it  does 
not  produce  eggs  but  ovules), 
bears  a  receptive  surface, 
termed  the  sti(jmay  upon  which 
the  pollen  grains  may  ger- 
minate. The  stigma  may  be 
raised  upon  a  stalk,  or  style. 
Ovule  case,  style,  and  stigma 
constitute  the  pistil  (meaning 
a  pestle),  which  is  said  to  be 
simple  when  only  a  single  car- 
pel is  involved,  and  compound 
if  there  is  a  group  of  carpels. 
The  various  arrangements  of 


Via 


301.  The  lily  {LUium 
philadelphicum) 


.4,  dissected  flower,  showing  the  pistil  and 
stamens :  />,  parts  of  the  perianth  which 
have  been  cut  away ;  «,  bases  of  stamens 
cut  off.  B,  floral  diagram :  ;>,  perianth, 
composed  of  two  circles  of  similar  and 
petal-like  parts;  a,  stamens,  likewise  in 
twocirdes;  section  of  ovule  case  (ovar>') 
shown  in  the  center,  composed  of  three 
carpels  (r)  so  united  as  to  form  three 
locnles  containing  the  ovules 
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gymnosperms  (Sec.  352), they  develop  from  a  group  or  large  region 
of  cells,  and  not  from  a  single  surface  cell  as  in  the  sporangium 
of  the  common  ferns.  The  pollen  sacs  open  along  certain  lines 
(Fig.  302,  x)  or  by  pores,  and  the  pollen  is  thus  set  free.  The 
pollen  is  carried  in  various  ways  to  the  stigma  of  the  pistil,  as 
described  in  Chapter  xxxil,  and  its  application  to  this  structure 


Fk;.  8(I3.   Stn'tioii  of  the  ovule  case  (ovary)  of  the  lily 

Diagram  of  a  cross  section  of  a  young  ovule  case,  showing;  tin;  three  carix>ls  c :  each 
younu;  ovule  o  has  a  large  enihryo  sac  mother  cell  c  within  the  small  nucellus 
/i,  and  shows  the  developing  inner  and  outer  integuments  it  and  oi 

constitutes  pollination  in  the  angiospernis.  Wind,  direct  con- 
tact of  the  anthers  with  tlie  sti;^nia,  or  tlie  visits  of  insects  are 
means  by  whicli  pollination  is  effected  in  this  group  of  plants. 

360.  The  carpel  and  the  formation  of  the  ovule.  The  ovules 
are  developed  as  outgrowths  fr(,)m  the  surface  of  the  carpels 
(Fig.  303),  or  in  some  cases  from  regions  of  the  stem,  when  this 
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with  accessory  parts.  The  gymnosperms  do  not  have  the  exact 
equivalents  of  fruits,  although  the  berry-like  structures  of  the 
yew  appear  at  first  glance  to  be  similar  and  the  cone  is,  of 
course,  a  protective  structure  for  the  seeds.  True  fruits,  as  the 
term  is  used  when  applied  to  the  angiosperms,  are  seed  cases  of 
various  forms,  —  structures  which  are  sometimes  merely  protec- 
tive, and  sometimes  fleshy  and  attractive  to  animals  for  food. 
They  are  described  in  Chapter  xvi. 

The  pistil  distinguishes  the  angiosperms  from  the  gymno- 
sperms, and  is  a  more  important  feature  of  the  angiosperm 
flower  than  the  perianth,  which  is  frequently  inconspicuous, 
and  sometimes  wholly  or  almost  wholly  absent.  But  the  pistil 
in  combination  with  a  showy  perianth  of  some  peculiar  and 
specialized  form  gives  the  highest  types  of  flower  structure. 
The  most  important  of  these  are  discussed  in  Chapter  xiii. 
This  account  will  only  describe  the  stamens  and  carpels  in  their 
functions  as  spore-producing  organs  developing  microspores 
(pollen)  and  megaspores  (embryo  sacs). 

359.  The  stamen  and  the  formation  of  pollen.  The  parts 
of  a  stamen  are  described  in  Sees.  171  to  173.  Pollen  formation 
takes  place  generally  in  four  regions  of  the  anther,  which  become 
pollen  sacs,  or  loculcs  (Fig.  302,  A).  The  cells  of  these  regions 
develop  the  pollen  grains  in  groups  of  four,  or  tetrads  (Fig.  302,  J5), 
and  are  consequently  pollen  mother  cells.  This  process  is  iden- 
tical with  that  of  spore  formation  in  the  pteridophytes  and 
bryophytes.^  Tlie  pollen  mother  cell  is  a  spore  mother  cell,  and 
the  pollen  grain  a  spore,  or  more  exactly  a  microspore. 

The  pollen  sacs  are  sporangia,  and  like  the  sporangia  of 
the  horsetails,  lycopods,  Selayiiiella,  and  the  pollen  sacs  of  the 

*  As  in  the  case  of  the  gymnosperms,  the  count  of  the  chroniosomeM  during 
pollen  formation  shows  it  to  be  a  period  of  chromosome  reduction,  when 
the  sporophyte  generation  passes  over  to  the  gametophyte,  as  oxphiined  in 
Sees.  884  and  885.  Thus  24  chromosomes  liave  been  counted  in  various  tissues 
of  the  lily  plant,  but  only  12  appear  in  the  nuclear  divisions  in  the  pollen 
mother  cell  (Fig.  802,  B).  These  cells,  it  may  be  remarked,  are  exceedingly 
good  subjects  for  the  study  of  nuclear  division. 


382 


THE  SPERMATOPHYTES 


The  male  gameiophyte.  As  in  the  gymnosperms,  the  male 
gametophyte  b^ns  its  history  in  the  pollen  grain  before  the  lat- 
ter has  been  shed.  The  first  division  forms  a  tube  nuelev^  and  a 
generative  cell  (Fig.  302,  C),  The  nucleus  of  the  generative  cell 
divides  sooner  or  later  to  form  two  sperm  nuclei  These  three 
nuclei,  with  the  rest  of  the  protoplasm,  constitute  all  there  is  of 

the  male  gametophyte  (Fig.  305). 
The  pollen  grains  germinate  on 
the  stigma  of  the  pistil,  finding 
there  suitable  fluids  to  start  their 
growth.  Each  puts  forth  a  tube 
(Fig.  156,  A,  By  C)  which  pene- 
trates the  stigma  and  grows  down- 
ward toward  the  ovule  case 
(ovary).  Tlie  tube  nucleus  and  the 
generative  cell  (or  the  two  sperm 
nuclei  if  already  formed)  enter 
the  tube  and,  passing  to  the  tip, 
accompany  its  growth  (Fig.  156, 
A  /^,  F). 

The  pollen  tubes  grow  through 
tlie  tissues  of  tlie  stigma  and 
style  (if  present)  frec^ueiitly  over  definite  paths  and  enter  the 
micropyles  of  the  ovules.  This  behavior  resembles  the  way  in 
whieli  j)arasitic  fungi  grow  through  the  tissues  of  their  hosts, 
and  it  is  clear  that  the  pollen  tubes  live  largely  or  w^hoUy  para- 
sitically  on  the  s])oropliyte.  On  entering  an  ovule  the  pollen 
tube  ])enetrates  the  nucellus  and  grows  toward  the  embryo 
sac,  which  by  this  time  has  developed  the  female  gameto- 
])hyte. 

The  feiiudc  (jdnu'topln/tc.  The  mature  female  gametophyte 
of  an  angiosperni  (Fig.  306,  />)  contains  only  eight  nuclei,  the 
products  of  three  nuchnir  divisions  in  the  embryo  sac.  These 
are  distributed  as  follows  :  There  is  a  group  of  three  nuclei  at 
the  niicropylar  end  of  the  embryo  sac  (Fig.  ii06,  i),  m),  forming  the 


Fic;.  305.    Pollen  grain  of  the  elder 
{Scwihucns) 

The  two  sperin  cells  .s  and  tlie  tube 
nucleus  t,  with  the  remaining  pri> 
toplasin,  constitute  the  entire  male 
gametophyte 
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egg  apparattts,  of  which  one,  with  surrounding  protoplasm,  con- 
stitutes the  egg,  and  the  other  two  are  called  sgturgids  (meaning 
co-workers).  There  is  a  group  of  three  nuclei  at  the  opposite 
end  of  the  sac,  called  antipodal  nuclei  (Fig.  306,  B,  ant),  which 
frequently  become  inclosed  by  delicate  walls  and  possibly  repre- 
sent a  prothallial  region.    The  remaining  two  nuclei,  called  polar 


Fig.  300.  The  ovule  and  embryo  sac  of  the  lily 

A,  ovule  with  mature  embryo  sac:  the  inner  integument  it  has  grown  beyond  the 
nucellus  n;  oe,  outer  integument;  m,  micropyle.  B,  mature  embryo  sac:  egg 
apparatus  at  the  micropylar  end  m ;  e,  egg ;  «,  synergids ;  the  two  polar  nuclei 
p  are  about  ready  to  fuse  near  the  center  of  the  sac ;  antt  antipodal  nuclei 

nuclei  (Fig.  306,  B,  p),  pass  from  the  opposite  ends  to  the  center 
of  the  embryo  sac,  where  they  later  unite. 

362.  Fertilization  and  double  fertilization.  The  tip  of  the 
pollen  tube  fuses  with  the  end  of  the  embryo  sac,  near  the 
synergids,  and  the  two  sperm  nuclei  are  discharged  into  the  sac. 
The  tube  nucleus  has  generally  broken  down  and  disappeared 
entirely  by  this  time  (Fig.  156,  i^',  G).  One  of  tlie  sperm  nuclei 
unites  with  the  egg  nucleus  (Fig.  307,  e,  /«),  and  this  is  the 
process  of  fertilization. 
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Fig.  307.    Fertilization  in  the  embryo  sac 
of  the  lily 

The  lirst  sperm  nucleus /s  fusing  with  the  eug 
nucleus  p  ;  the  second  sperm  nucleus  cS-.s  is  fusing 
with  the  two  polar  nuclei  p  near  the  center  of 
the  sac,  constituting  the  so-called  douhle  ferti- 
lization;  p,  i)ollen  tuhe;  -s,  syiu^rgid  hreaking 
down;  ant,  anti])odals;  il,  inner  integument: 
7?i,  micropyle 

Effect  of    Pollen   in  Maize,''    United    States 


The  other  sperm  nu- 
cleus is  known  in  a 
number  of  forms  to  pass 
to  the  center  of  the  sac 
and  unite  with  the  two 
polar  nuclei,  constitut- 
ing a  triple  fusion  (Fig. 
307,  p,  py  ss),  and  form- 
ing a  large  nucleus, 
called  the  endosperm 
nucleus.  Since  the  en- 
dosperm  nucleus  has 
an  important  history  in 
the  development  of  the 
seed,  this  peculiar  behav- 
ior of  the  second  sperm 
nucleus  is  important,  and 
it  is  called  the  dou])le 
fertilization  of  the  em- 
bryo sac.^ 

1  Double  fertilization  is 
probably  the  explanation  of 
the  phenomenon  called  xenia, 
which  is  the  appearance  at 
once  in  the  seed  of  some 
character  of  the  male  parent. 
ThiLS  a  yellow  or  white  kind 
of  corn,  when  pollinated  from 
a  blue  or  red  variety,  will 
I)r()diice  blue  or  red  kernels. 
This  color  in  the  com  is  pres- 
ent in  the  endosperm,  and 
the  character  comes  into  the 
seed  through  the  second 
sperm  nucleus.  For  an  ac- 
count of  xenia  see  Webber, 
"  Xenia,  or  the  Immediate 
Department  of   Agriculture, 


Division  of  Vegetable  Physiology  and  Pathology,  Bulletin  ^22^  1900, 
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363.  The  development  of  the 

fertilized  egg  develops  the  em- 
br}'0,  but  as  in  gymnosperms, 
there  is  generally  a  preliminary 
growth  called  the  mtspeiisor 
(Fig.  309,  A  E,  H,  s),  which  car- 
ries the  young  embr}-o  into  the 
center  of  the  sac.  The  endo- 
sperm nucleus  begins  to  divide 
at  once  after  its  formation,  by 
the  triple  fusion  of  the  second 
sperm  nucleus  with  the  two  po- 
lar nuclei  (Fig.  307).  It  gives 
rise  to  a  large  number  of  nuclei, 
which  become  distributed  in  the 
protoplasm  of  the  rapidly  enlar- 
ging embryo  sac  (Figs.  308,  e\ 
309,  //,  e).  Later,  walls  begin  to 
form  around  these  endosperm 
nuclei,  first  in  the  outer  regions 
of  the  embryo  sac,  and  finally 
the  whole  sac  1>ecomes  filled 
with  a  delicate  tissue. 

This  tissue  is  (tailed  the  endo- 
H}Ki*7tiy  and  the  eml)ryo  becomes 
imbedded  within  it  as  in  the  pine. 
But  this  endosperm  has,  of  course, 
a  very  different  origin  from  that 
of  the  gymnosperms,  and  is  a 
special  development  peculiar  to 
the  angiosperms.  The  group  of 
antipodal  cells  possibly  corre- 
sponds to  the  endos{x^rm  in  the 
gymnosperms,  and  the  egg  a{>- 
paratus  has#been  regarded  as  a 


embryo  and  endosperm.   The 


Fiij.  808.  Develoi)mont  of  the  embryo 
and  the  endosiK^rni  of  the  lily 

The  emhrj'o  em  has  developed  from 
the  fertilize<l  ej;j^;  o,  endosperm 
nm'lci  which  have  been  derived  from 
the  triple-fuHion  nucleus,  —  that  Is, 
the  two  polar  nuclei  united  with  the 
second  sperm  nucleus  (compare  with 
Fijj.  .'J07) ;  ti,  inner  integument ;  m, 
micropyle 


Fig.  309.   Development  of  the  ovule  and  embryo  of  the  shepheid^s 
purse  (Capaella) 

At  yoimg  ovule,  showing  origin  of  two  integnments  at  base  of  nncellos  n.  B,  cater 
integument  growing  beyond  the  inner,  and  the  ovule  beginning  to  bend  over: 
es,  embryo  sac.  C,  diagram  of  a  later  stage  with  mature  embryo  sac.  D,  devel- 
opment of  the  suspensor  8.  E,  early  divisions  of  the  terminal  cell  (embryo 
cell).  Ff  later  stage,  showing  the  differentiation  of  an  outer  cell  layer  in  the 
embryo,  which  is  to  become  the  epidermis.  O,  the  two  cotyledons  c  and  the 
root  region  r  now  clearly  defined.  //.  lengthwise  section  of  an  ovule,  show- 
ing  the  position  of  an  embryo  in  an  embryo  sac:  em,  embryo;  «,  suspensor;  e, 
endosperm;  //,  inner  integuments;  oi^  outer  integument;  m,  micropyle.  —  A, 
B,  C,  adapted  after  Campbell 
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reduced  archegonium.  However,  it  is  possible  that  all  three  of 
the  nuclei  in  the  egg  apparatus  represent  eggs,  only  one  of 
which  is  functional. 

While  the  embr^^o  and  endosperm  are  developing,  the  ovule 
increases  greatly  in  size,  and  its  integuments  change  into  the 


E  '  D 

Fio.  810.  Development  of  the  flower  of  the  shepherd's  puree  (CapstUa) 

At  tip  of  stem,  showing  the  origin  of  the  flowers:  «,  first  appearance  of  the  sepals 
in  the  flower  /.  ZJ,  sepals  well  along  in  their  development  and  stamens  8t 
appearing.  C\  later  stage,  showing  the  two  young  carpels  c  and  the  beginnings 
of  the  petals  p.  />,  later  stage  lettered  as  in  the  preceding.  J?,  the  petals  now 
well  developed,  and  the  ovules  beginning  to  arise  on  the  inner  face  of  the 
carpels,  not  yet  united  above  to  form  the  closed  pistil 

seed  coats.  In  some  plants,  as  in  the  squash  (Fig.  1),  peas,  and 
beans,  the  embryo  finally  fills  the  entire  seed,  and  the  endo- 
sperm is  almost  completely  crowded  out,  being  represented  by  a 
thin  membrane  around  the  embr}'o.  In  other  forms,  as  the  corn 
(Fig.  3),  asparagus,  and  poppy  (Fig.  4),  the  embryos  remain  small, 
and  the  endosperm  is  conspicuous  as  a  tissue  richly  stored  with 
food  material. 
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364.  The  development  of  the  flower.  The  development  of  the 
parts  of  a  flower  would  be  expected  to  progress  in  the  order  of 
sepals,  petals,  stamens,  and  carpels,  for  tliis  is,  of  course,  the 
order  of  their  position  on  the  flower  stalk,  beginning  from  below. 
The  parts  of  many  flowers  do  arise  in  this  order,  but  there  ai-e 
often  irregularities  due  to  the  delayed  appearance  of  some  oi-gans. 
For  example,  in  the  shepherd's  pui^e  the  petals  are  formed  last, 
arising  between  the  sepals  and  carpels  when  the  latter  are  far 
along  in  their  development  (Fig.  310,  C,  jt?). 

The  carpels  are  clearly  separate  in  the  beginning  (Fig.  310, 
C,  D,  c),  and  the  ovules  at  first  may  be  exposed  on  their  surface 
(Fig.  310,  E),  but  sooner  or  later  the  cariKjls  unite  above,  so  that 
the  ovules  are  finally  contained  in  the  ovule  case  (ovary). 

A  study  of  flower  development  makes  clear  the  significance  of 
perigyny  and  epigyny  (Sec.  157),  for  it  shows  that  the  apparent 
fusion  of  parts,  frecjuently  called  coalescence,  when  sepals,  petals, 
or  stamens  seem  to  be  united  to  one  another  or  to  the  carpels 
(see  diagrams.  Fig.  13()).  is  due  to  tlie  formation  of  tubular  out- 
growths from  zones  of  tissue  below  the  floral  j)arls.  The  i>arts 
which  are  most  freijuently  allVeted  by  lliese  zonal  outgrowths 
are  the  carpels,  and  it  seems  jU'obable  that  tlie  compound  pistil 
may  have  arisen  from  their  activities.  In  many  cases  the  ovule,s 
are  develo])ed  from  tissue  that  is  ])robably  really  a  part  of  the 
tip  of  the  fiow(M'  stalk. 

365.  The  life  history  of  an  angiosperm.  The  formula  for 
the  life  hist(ny  of  an  an<;i(KsjKM-ni  is  th(^  same  as  that  of  a  gym- 
nos})erm  (Sec.  .'^oii).  The  ^nunetophytt'  pliases,  however,  occupy 
generally  a  nnich  sliorter  jKMiod,  so  that  tlic  seeds  are  matured 
in  tlie  same  season  and  s(»nietinies  witliin  a  few  weeks  after 
pollination. 

The  formula  is  tlien  as  follijws: 

pollen  (jrain  -  Mule  Gnnidophf/fc  -  Sj>crm  nndeus  . 
Sporo-  ^    (""'•'--/"'- .         ( /''■';;;';';-;- -^^    ""-  \  _  Sporophyte, 

^  -^       ^  embryo  sac  —  Fenuilv  Gonutophiitv  -  v(jg  ^^^' 
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THE  ORIGIN   OF   SEP:D  PLANTS  AND   THE 
SEED  HABIT* 

366.  The  origin  of  seed  plants.  We  shall  never  know  exactly 
when  and  how  seed  plants  arose,  for  that  important  event  in 
plant  evolution  probably  took  place  earlier  than  the  Carbon- 
iferous Age.  We  can,  however,  form  some  idea  of  the  chief 
factors  that  brought  about  the  seed  habit  from  a  study  of 
the  life  histories  of  living  pteridophytes  and  spermatophytes. 
As  with  a  number  of  other  forward  steps  in  the  evolution  of 
plants,  such  as  the  origin  of  sex,  alternation  of  generations, 
and  heterospory,  the  seed  habit  probably  was  develoi)ed  by  a 
number  of  different  groups  of  pteridophytes  independently  one 
of  another.  Thus  the  cycads  and  the  conifers  among  the  gym- 
nosperms  are  so  widely  separated  that  it  seems  possible  that 
they  may  have  come  from  different  pteridophyte  parentage. 
Therefore  the  gymnosperms  are  generally  regarded  as  a  group  of 
divergent  evolutionary  lines.  The  angiosj^rms  are  even  more 
puzzling.  Some  lK)taiiists  believe  that  they  arose  quite  inde- 
pendently of  the  gymnosperms,  but  others  hold  that  they  may 
l>e  distantly  Related  to  Gnetum.  Some  think  that  the  mono- 
cotyledons and  dicotyledons  even  have  had  indeix?ndent  cJrigins. 
However,  the  view  whi(.*h  seems  to  W.  finding  gieatest  favor  at 
present  regards  the  monocotyledons  not  as  the  ancestors  of  the 
dicotyledons,  but  as  dt^rived  from  primitive  dicotyledons.^ 

367.  The  origin  of  the  seed  habit.  The  most  important  fac- 
tors leading  to  the  seed  habit  appear  to  have  been  (1)  heter- 
osporyy  (2)  the  rftention  of  the  viajftHpore  in  the  meyasporangium 
to  become  the  embryo  sac  in  which  the  female  gametophyte 
develops  parasitically,  and  (.S)  the  development  of  the  pollen  tube 
and  its  panisitic  habit  of  growth  through  the  tissues  of  the 

•  To  THE  iNSTRircTOR  :  This  subject  is  very  difficult  and  may  be  omitted. 

1  Tliese  topioH  an>  fur  too  U'chnical  for  consideration  here.  For  reviews  of 
the  various  tlit'ories  with  their  evidence,  the  i     i  re        d  to  Coulter 

and  Chamberlain,  Miyrphology  ofSpermaioi  > 

Morphology  of  Angiosperms^  1003. 
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sporophyte  to  reach  the  embryo  sac.  These  principles  are  asso- 
ciated with  the  last  stages  in  the  long  processes  of  the  evolution 
of  the  sporophyte  and  the  degeneration  of  the  gametophyte, 
which  is  briefly  outlined  in  the  next  chapter. 

Heterospory  (Sec.  314,  Chapter  xxvii)  has  differentiated  the 
spores  of  the  pteridophytes  and  established  male  and  female 
gametophytes,  the  first  always  developing  from  the  microspores, 
and  the  second  from  the  megaspores.  At  the  same  time  the 
gametophytes  became  largely  or  wholly  dependent  upon  food 
material  stored  in  the  spores,  and  smaller  and  simpler  in  their 
organization,  until  they  degenerated  into  structures  somewhat 
similar  to  those  now  illustrated  in  the  heterosporous  pterido- 
phytes (Marsilia,  Selaginella,  Isoetes,  etc.).  Some  of  them 
finally  lost  all  their  chlorophyll,  and  adopted  pai*asitic  habits. 

Heterospory  also  resulted  in  the  differentiation  of  the  spore 
leaves  into  microsporophylls  and  megasporophylls,  and  at  last, 
as  in  many  seed  plants,  the  sporophytes  themselves  became 
differentiated,  some  producing  only  pollen  (microspores)  and 
some  only  emlnyo  sacs  (megaspores)  in  the  ovules.  In  this  way 
sexual  characters  of  the  gametopliytes  were  gradually  taken 
up  first  by  the  sporophylls  and  later  by  the  sporophytes  them- 
selves, and  thus  the  asexual  generation  l^egan  to  assume  the 
peculiarities  of  sex.  The  niicrosporophyll  of  the  seed  plant 
(stamen)  took  on  characteristics  of  a  male  organ,  and  the  mega- 
sporophyll  (carpel)  characteristics  of  a  female  one.  The  early 
botanists  regarded  the  pollen  grain  as  a  male  element  and  the 
stamen  as  a  male  organ,  and  it  is  true  that  these  structures  have 
male  characters ;  but  of  course  the  actual  male  gametes  are  the 
sperm  nuclei  with  closely  associated  protoplasm  in  the  pollen 
tube  wliose  contents  represent  a  male  gametophyte.  And  simi- 
larly, although  the  carpel  has  female  characters,  the  female 
gamete  is  the  e^g  within  the  embryo  sac  whose  contents  rep- 
resent a  female  gametophyte.^ 

1  This  suhjeot  is  considered  more  at  length  in  Chapter  xxvii,  Heter- 
ospory, Sec.  3o9. 
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The  retention  of  the  megaspore  in  the  megasporangium  was, 
perhaps,  the  most  important  step  in  the  development  of  the  seed 
habit.  This  retention  was  possibly  at  first  somewhat  accidental; 
that  is,  the  megaspore  simply  failed  to  fall  out  of  the  megaspo- 
rangium (as  actually  happens  in  some  species  of  Selaginella, 
Sec.  325),  and  consequently  developed  its  gametophytes  while 
mechanically  held  on  the  sporophyte.  Later  the  retention  be- 
came more  intimate  and  less  mechanical,  so  that  the  female 
gametophyte  established  a  close  physiological  association  with 
the  si)orophyte,  obtaining  protection  and  certain  foods,  and  per- 
haps most  important  of  all  it  was  kept  moist.  At  last  the  mega- 
spore, instead  of  being  developed  as  a  free  cell,  remained  a  part 
of  the  tissue  of  the  megasporangium  (nucellus  of  the  ovule)  and 
at  that  stage  became  the  embryo  sac  with  its  clearly  estab- 
lished parasitic  relations  to  the  sporophyte. 

Some  forms  of  Selaginella  actually  illustrate  a  beginning  of 
such  parasitic  relations  in  the  early  stages  of  tlie  development 
of  its  megaspore  (Sec.  325),  for  the  female  gametophyte  begins 
to  develop  before  the  spores  are  full  grown  and  ready  to  be 
discharged.  But  the  seed  habit  could  not  have  been  entirely 
formed  until  the  megaspore  became  physiologically  a  part  of 
the  megasporangium,  and  the  latter  (as  a  nucellus),  together 
with  the  protective  integuments,  becjime  the  ovule. 

The  development  of  the  j^ollen  tube  is  perhaps  even  more 
remarkable  than  the  retention  of  the  megasi)ore  in  the  mega- 
sporangium. It  seems  clear  that  the  pollen  tul)e  is  a  develop- 
ment in  response  to  the  stimulus  of  the  moisture  (containing 
fo(Kl  substances)  which  is  excreted  by  the  ovule  in  the  gj'mno- 
sperms  and  the  stigma  of  the  angiosperms.  The  habit  may 
readily  have  had  a  very  simple  beginning  if  microspores  fell 
into  partially  o|K»ned  megasi)orangia,  as  indeed  occurs  in  a  spe- 
cies of  Selaginrlla  (Sc>c.  325),  or  among  a  group  of  megasporo 
phylls.  They  would  have  found  in  such  situations  moisture 
and  other  conditions  favorable  for  the  development  of  out- 
growths which   later   became   tubes.    These   outgrowths   and 
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tubes  would  be  expected  to  become  more  and  more  specialized 
as  conditions  arose  which  led  to  the  final  retention  of  the  mega- 
spore  within  the  m^asporangium,  and  at  last  they  assumed  pro- 
nounced parasitic  habits. 

With  the  parasitic  habits  of  the  pollen  tube  established  it  is 
not  difficult  to  imagine  the  gradual  adjustment  of  the  peculiar- 
ities of  pollination  to  those  of  ovule  formation.  It  seems  prob- 
able that  the  earliest  forms  of  pollen  tubes  carried  motile  sperms 
to  the  embryo  sac  ^  (for  motile  sperms  are  even  now  present  in 
the  cycads  and  Ginkgo,  Sec.  348),  but  later  the  complex  struc- 
ture of  the  sperm  degenerated,  with  that  of  the  whole  male 
gametophyte,  until  the  sperm  nuclei  became  practically  all  that 
was  left  to  represent  the  male  gametes  of  the  pteridophytes, 
bryophytes,  and  algse.  The  simplification  of  the  sperm  and 
egg  in  the  spermatophytes  does  not,  however,  affect  the  signifi- 
cance of  these  sexual  elements,  because  it  is  known  that  the 
nuclei  aro  the  most  essential  structures  of  gametes. 

Thus  the  peculiarities  of  the  ovule  and  the  pollen  tube  prob- 
ably developed  side  by  side,  adjusting  themselves  to  one  another 
until  the  complex  phenomena  of  pollination  became  established. 
These  processes  are  relatively  simple  in  the  gyninosperms,  where 
the  pollen  is  applied  directly  to  the  ovule;  but  in  the  angiosperms 
a  new  feature  was  introduced  when  carpels,  or  groups  of  carpels, 
frequently  with  adjacent  tissue  of  the  stem,  developed  the  ovule 
cases  (ovaries).  Yet  it  is  not  very  difficult  to  understand  how 
they  may  have  arisen,  for  tlie  same  principles  of  protecting 
the  megaspore  (embryo  sac)  and  providing  for  the  germination 

1  In  certain  fossil  groups  (PteridospenncB)^  intermediate  between  the 
pteridophytes  and  spermatophytes,  the  evidence  indicates  that  motile  sperms 
were  discharged  into  large  pollen  chambers  filled  with  water,  into  which 
the  necks  of  the  archegonia  opened  so  that  the  sperms  were  able  to  swim 
directly  to  the  eggs.  The  pollen  tube  was  probably  at  first  an  absorbing 
organ,  or  haustorium  (as  in  the  cycads  and  Ginkqo  to-day,  Sec.  848),  pene- 
trating the  tissue  of  the  ovule  to  obtain  nourishment  for  the  parasitic  male 
gametophyte.  Later,  with  the  disappearance  of  the  pollen  chamber  and 
motile  sperms,  the  pollen  tube  took  on  the  added  function  of  carrying  the 
sperm  nuclei  directly  to  the  embryo  sac. 
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of  the  pollen  grains  are  simply  carried  one  step  farther,  and 
the  megasporophylls  (carpels)  become  factors  in  the  processes. 
Thus  a  receptive  surface,  the  stigma,  was  developed  as  a  special 
organ  to  receive  and  start  the  pollen  tube  in  its  parasitic  devel- 
opment, wliich  is  to  end  with  the  fertilization  of  the  egg. 

The  seed  is  the  ripened  ovule,  for  the  principle  of  protection 
is  continued  after  fertilization,  and  the  integuments  form  hard 
seed  coats,  inclosing  the  developing  embryo,  supplied  with  food 
material  by  the  parent  sporophyte  until  it  has  reached  an  ad- 
vanced stage  of  development.       n     ^-jt 

THE  EVOLUTION  OF  THE  FLOWER 

368.  The  evolution  of  the  flower.*  The  higher  types  of 
flowers  have  l)een  developed  by  long  processes  of  evolution  from 
the  simpler  structure  of  the  primitive  flowers.  We  do  not 
know  exactly  what  the  primitive  flowers  were  like,  but  some 
of  their  characters  may  l)e  inferred  from  the  structure  of  the 
simplest  flowers  of  the  angiosperms  and  the  cones  of  gj'mno- 
sperms  and  certain  pteridophytes,  as  the  horsetails  and  club 
mosses,  which  are  truly  flowers,  if  one  accepts  the  definition  of 
a  flower  as  a  "  shoot  beset  with  sporoi^hylls."  The  most  elabo- 
rately developed  theory  of  floral  evolution  is  that  of  Engler,  and 
this  brief  outline  will  l>e  a  general  statement  of  his  views. 

Primitive  flowers  were  characterized  by  indefinite  numbers 
of  sporophylls,  usually  distributed  in  spirals,  and  the  absence  of 
the  floral  envelopes  constituting  a  perianth.  These  conditions 
are  illustrated  in  the  cones  of  the  pteridophytes  and  in  many 

•  To  THE  Instrtctor  :  This  subject  should  only  be  presented  to  classes 
with  a  fairly  wide  ran^'o  of  experience  with  flower  stnicture  in  various 
groups  of  angiosperu.s.  An  excellent  study  would  be  a  series  of  tyi)es  fnjm 
such  an  assemblage  as  the  buttercup  order,  lianunridales,  as  the  mouse- 
tail  (MyoBurus),  buttercups,  magnolia,  white  water  lilies,  columbine,  lark- 
spur, aconite,  etc.,  where  many  of  the  principles  of  flower  evolution  are 
illustrated  in  a  single  group.  Similar  studies  might  be  planned  for  the  rose 
order,  Roaalea,  or  the  lily  order,  LilicUea,  followed  by  the  orchids. 
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gymnosperms.  Spiral  arrangements  of  sporophyUs  (stain ens  and 
carpels)  and  floral  envelopes  are  nho  not  uncommon  in  many 
flower.'^  with  well-developed  perianths,  aa  in  representatives  of  tlie 
buttercup  oitler,  ManuTicuiales,  namely,  monsetail  ( }f(/o-^  firm's)  J  riit- 
tercups,  magnolia,  white  water  lilieSj  and  tlie  rase  tn  der,  Jiotfules, 
It  is  not  at  all  prf>bable  that  the  various  atlvanoes  over  the 
primitive  conditious  foUowed  any  regular  orden  Some  of  them 
were  concerned  with  ilts  differfntiatifm  of  a  periamth;  aome  had 
to  do  with  the  armJi^ements  of  tk^  sporophylU  afid  paHn  of  tlic 
perianth  I  aome  dealt  with  th^  apparent  fusion  of  part§^  and 
some  concerned  thi  tgmm^r^  of  the  Jlower, 

Ths  diffcrenHeUi&n  of  a  perianth  has  clearly  taken  phuse  in 
some  flowers  through  the  transformation  of  sporophylls,  which 
became  sterile  and  assumed  perianth  charactei^s  (generallj  those 
of  petals).  Such  transformations  are  admirably  shoiarn  in  the 
passage  of  stamens  into  the  parts  of  the  perianth  in  the  white 
water  Hly»  and  in  the  doubling  of  flowers,  where  stamens  and 
frequently  carpels  become  petals.  It  is  possible,  however,  that 
parts  of  a  perianth  may  be  derived  in  a  reverse  direction, —  that 
is,  from  leaves  or  bracts  on  the  stem  just  below  the  sporophyUs. 
That  ordinary  leaves  can  become  highly  modified  and  colored 
to  serve  the  purpose  of  a  perianth  is  illustrated  by  the  showy 
bracts  of  the  painted  cup,  or  the  flowering  dogwood  and  other 
species  of  Cornus  (Frontispiece).  The  parts  of  the  simplest  types 
of  perianth  were  probably  all  similar  and  largely  protective, 
especially  to  the  flower  bud.  These  later  became  differentiated 
into  the  two  sets,  sepals  and  petals,  —  the  latter,  and  frequently 
also  the  former,  showy  and  clearly  related  to  pollination  by 
insects  or  birds  (Chapter  xxxii). 

The  arrangements  of  the  sporophyUs  and  parts  of  the  peri- 
anth are,  as  a  rule,  spiral  in  simpler  types  of  flowers,  but  gener- 
ally in  circles  or  whorls  in  higher  types.  In  passing  from  the 
spiral  to  the  cyclic  arrangements  the  variable  and  indefinite 
numbers  of  parts  tend  to  become  constant.  Thus  three  and 
multiples  of  three  are  the  prevailing  numbers  ii\  the  flowers  of 
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monocotyledons,  while  four  and  five  are  common  numbers  in 
the  dicotyledons.  A  settling  of  the  parts  into  fixed  numbers 
would  be  always  an  important  forward  step  in  floral  evolution, 
according  to  Engler,  whether  it  concerns  the  perianth,  the 
si)orophylls,  or  both  together;  for  it  tends  to  give  definite  form 
to  the  flower,  and  thus  leads  toward  the  higher  conditions. 
Sometimes  a  flower  will  be  mixed  in  the  arrangement  of  its 
parts,  the  periantli  being  cyclic  and  the  stamens  and  carpels 
spiral,  as  in  certain  buttercups.  The  establishment  of  fixed 
numbers  is  frequently  accompanied  by  the  suppression  of  some 
parts  (sepals,  petals,  stamens,  or  carpels),  so  that  the  numbers 
are  variable  in  different  circles. 

The  apparent  fusion  of  parts,  frequently  called  coalescence, 
results  from  the  formation  of  tubular  or  cup-like  outgrowths 
from  zones  of  tissue  below  the  floral  parts,  so  that  they  seem  to 
be  united.  The  moat  complex  conditions  of  flower  structure, 
calleil  cpiijynij  (Fig.  1.36,  C)  and  pervjyny  (Fig.  136,  h),  are  due 
to  these  zonal  growths  (see  Sees.  152,  157,  364).  The  contrast 
to  epigyny  and  perig}'ny  is  hypoyyny  (Fig.  136,  A).  When 
t)etals  or  sepals  are  borne  on  zonal  outgrowths  the  conditions 
are  called,  respectively,  sympetaly  and  synsepaly  (Sec.  152).  The 
compound  pistil,  —  that  is,  a  pistil  involving  two  or  more  car- 
pels,—  is  one  of  the  highest  expressions  of  zonal  gi'owth  and  is 
called  syncarpy  (meaning  united  fruits). 

The  symmetry  of  theJIov;er  may  be  either  radial  or  bilateral, 
that  is  with  a  right  and  a  left  half  (Sec.  150).  Primitive  flowers 
were  radially  synnnetrical,  as  would  be  expected  from  an  in- 
definite numlx?r  of  parts  spirally  arranged.  Bilateral  symmetry 
appears,  however,  in  very  many  groups  and  always  represents  a 
higli  degree  of  floral  evolution.  It  is  found  more  commonly  in 
epigj'nous  and  perigynous  flowers  than  in  hypog}'nous,  but  there 
is  no  rule  about  its  relations  to  these  conditions.  Bilateral  sym- 
metry is  usually  directly  related  to  methods  of  flower  pollination 
by  insects,  for  the  forms  of  such  flcjwers  are  especially  adapted  to 
the  habits  of  bees,  which  light  on  some  expanded  lip-like  region 
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of  the  perianth  and  rummage  around,  gathering  pollen  and 
nectar,  and  incidentally  effecting  the  pollination  of  the  stigma 
(Sec  401). 

BUateial  symmetry  is  generally  accompanied  by  dorsivep- 
trality,  which  means  that  the  flower  hangs  in  such  a  position 
that  there  is  an  upper  and  a  lower  portion  as  well  as  a  right 
and  a  left  half.  Excellent  illustrations  are  such  lipped  flowers  as 
the  snapdragons,  the  mints,  and  many  orchida  An  epigynous 
flower  whose  synmietry  is  bilateral  and  dorsiventral  and  whose 
parts,  through  suppression  or  other  developments,  show  irr^u- 
iarities  which  have  a  clear  relation  to  insect  visitations,^i-these 
characters  give  the  highest  types  of  flower  evolution. 

According  to  Engler,  the  chief  steps  in  the  evolution  of  the 
flower  may  be : 

1.  The  differentiation  of  a  perianth. 

2.  Tlie  change  from  spiral  arrangement  of  parts,  with  indefi- 
nite numbers,  to  cyclic  arrangements,  with  fixed  numbers. 

3.  The  grouping  of  parts  through  zonal  growths  (coalescence), 
resulting  in  syncarpy,  perigyny,  and  epigyny. 

4.  The  change  from  radial  to  bilateral  symmetry,  accompa- 
nied by  dorsiventrality. 

5.  To  these  stages  in  floral  evolution  should  be  added  the 
complexity  attained  by  the  massing  of  numerous  flowers  in 
groups  or  heads  (Sec.  165),  as  in  the  composite  family  (daisies, 
sunflowers,  etc.).  In  the  highest  expressions  of  this  development 
the  flowers  are  differentiated  so  that  the  outermost  of  the  groups 
become  sterile,  but  by  a  remarkable  lengthening  of  their  corollas 
into  rays  the  flower  cluster  becomes  very  conspicuous. 

All  flowers  do  not,  by  any  means,  follow  the  order  of  evolution 
as  outlined  above,  and  there  are  very  many  special  irregularities 
in  different  groups.  Thus  certain  flowers  of  the  legume  family 
are  bilaterally  symmetrical  and  dorsiventral,  but  there  is  no 
perigyny  or  epigyny.  It  is  important  to  note  that  the  higher 
levels  of  flower  evolution  have  been  developed  again  and  again  in 
unrelated  groups  of  angiosperms  independently  one  of  another 
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(as,  for  example,  among  the  orchids,  the  legumes,  the  snap- 
dragons, the  mints,  etc.).  While  there  is  generally  an  upward 
evolution  of  flowers,  especially  when  insect-poUinated,  there  are 
in  some  groups  numerous  illustrations  of  floral  degeneration. 

THE  CLASSIFICATION  OF  THE  ANGIOSPERMS 

369.  The  classification  of  the  angiosperms.^  The  subdivision 
AngiospermoB  contains  two  classes : 

Class    I.  The  monocotyledons,  or  Monocotyledonece,  with  an  embryo 

having  a  single  lateral  cotyledon. 
Class  II.  The  dicotyledons,  or  DirotyledonccB,  with  an  embryo  having 
two  terminal  cotyledons  (including  a  few  exceptions). 
Sub-Class  1.  The  Archichlawf/dece  (meaning  primitive  floral  envel- 
opes), in  which  the  perianth  is  wanting,  or,  if  pres- 
ent, has  its  parts  entirely  separate  from  one  another. 
Sub-Class  2.  The  Metachlamydece  (meaning  later  floral  envelopes),  or 
SympetalcB,  in  which  the  petals  are  united  or  borne 
on  tubular,  cup-like,  or  other  forms  of  zonal  out- 
growths from  the  receptacle  (Sec.  152). 

370.  The  monocotyledons.  Besides  having  the  single  coty- 
ledon in  the  embryo,  this  group  is  distinguished  from  the  dicoty- 
ledons by  having  a  stem  structure,  with  scattered  fibro-vascular 
bundles,  instead  of  a  cyclic  arrangement.  Consequently  there 
can  be  no  development  of  a  central  shaft  of  wood  surrounded 
by  a  cylinder  of  bast,  with  a  cambium  tissue  lying  between  the 
two,  as  is  commonly  found  in  the  larger  dicotyledons.  The  leaves 
are  generally  closed  (parallel)  veined  instead  of  open  (netted) 
veined,  and  rarely  notched,  which  means  that  their  fibro-vascular 
bundles  come  together  at  the  tip  or  along  the  edge  of  the  leaf, 
instead  of  ending  freely  as  they  do  in  the  dicotyledons.  The 
parts  of  the  flower  are  generally  in  three  or  multiples  of  three. 

1  The  most  generally  accepted  classification  of  the  angiosperms  is  that  of 
Engler,  presented  in  the  Syllabus  der  Pflanzenfamilien,  1903.  A  brief  state- 
ment of  the  chief  features  of  this  system  will  be  found  in  Coulter  and  Cham- 
berlain, Morphology  of  AngioBpemi$,  1908. 
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There  are  more  than  20,000  species  of  monocotyledons,  which 
aie  arranged  by  Engler  into  11  orders,  the  chief  of  which  are : 

1.  The  grass  and  sedge  order,  QranUnales,  including  more 
than  6000  species,  one  of  the  most  successful  assemU^es  of 
angiosperms  and  by  far  the  largest  in  the  number  of  indMduals. 

2.  The  palm  order,  Pizlmales,  a  very  characteristic  tropical 
and  sub-tropical  group. 

3.  The  lily  order,  LilicUes,  a  large  group  of  almost  5000 
species,  remarkable  for  the  showiness  and  Symmetry  of  its 
flowers. 

4.  The  orchid  order,  OrdiidcUes,  containing  the  laige  orchid 
family  with  more  than  5000  species,  the  laigest  family  in  the 
Monocotyledonece,  and  one  of  the  most  remarkable  groups  of  seed 
plants  for  the  beauty  and  complexity  of  its  flowers  and  for  its 
peculiar  life  habits. 

371.  The  dicotyledons.  Besides  having  two  cotyledons  in  the 
embryo,  this  group  is  distinguished  from  the  monocotyledons 
by  having  its  fibro-vascular  bundles  formed  in  a  circle.  This 
arrangement  makes  possible  the  development  of  a  central  shaft 
of  wood  (xylem),  since  the  cambium  regions  of  the  bundles 
unite  into  a  cylinder  which  adds  successive  layers  of  wood  if 
the  plant  is  perennial.  The  bundles  in  the  leaves  are  strongly 
developed,  much  branched,  and  end  freely,  so  that  the  leaves 
are  conspicuously  open  (netted)  veined,  generally  notched,  and 
frequently  deeply  divided,  or  compound.  The  parts  of  the  flowers 
are  mostly  in  fours  and  fives  in  the  higher  types,  except  that  the 
number  of  carpels  is  commonly  less. 

There  are  more  than  100,000  species  of  dicotyledons,  and 
these  are  arranged  by  Engler  into  34  orders  (26  in  the  Archir 
chlamydece,  and  8  in  the  Metaclilamydece). 

372.  The  Archichlamydeae.  This  sub-class  is  an  immense 
assemblage,  very  diverse  in  character,  whose  flowers  range  from 
primitive  types,  with  indefinite  numberi  of  parts  in  spiral  arrange- 
ments, to  cyclic  flowers  with  definite  numbers,  perigyny,  epig- 
yny,  and  syncarpy.    Some  of  the  chief  orders  are : 
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1.  The  tree  orders,  including  the  willows  and  poplars  {Sali- 
cales);  the  walnuts  and  hickories  {Juglandales) ;  the  birches, 
alders,  beech,  chestnut,  and  oaks  (Fagales);  the  elms,  figs,  mul- 
berries, etc.  {Urticales). 

2.  The  buttercup  order,  BanunctUales,  a  large  assemblage  of 
about  4000  species,  full  of  interesting  gradations  in  floral  evolu- 
tion, the  buttercup  family  (Eanunculacece)  being  an  especially- 
good  group  for  such  studies. 

3.  The  poppy  order,  Fapaverales,  comprising  the  poppies  and 
the  large  mustard  family. 

4.  The  rose  order,  BosaleSyan  immense  group  of  over  14,000 
species,  with  several  large  families,  such  as  the  legume  or  pea 
family,  the  rose  family,  etc.  The  flowers  present  a  greater  range 
of  structure  than  in  the  buttercup  order.  Some  large  groups  in 
the  legume  family  have  flowers  with  well-developed  bilateral 
symmetry  and  dorsiventrality. 

5.  The  geranium  order,  GetanialeSy  containing  the  geraniums, 
flax,  Eupliorbias,  etc. 

6.  The  violet  order,  Violales,  comprising  a  large  number  of 
families  and  more  than  4000  species. 

7.  Tlie  cactus  order,  Cadahs,  a  very  remarkable  American 
group  of  more  tlian  900  .^i)ccies,  mostly  adapted  to  desert 
conditions. 

8.  The  umbel  order,  Uvibellalcs,  containing  more  than  2500 
species,  mostly  in  the  umbel  (parsley)  and  dogwood  families,  — 
the  highest  order  in  the  series  of  the  Archichlamydea:  on  account 
of  its  epigynous  flowei^s,  the  reduced  number  of  carpels,  and  the 
massing  of  the  flowers  in  the  characteristic  umbel,  or  in  close 
heads  surrounded  by  a  corolla-like  involucre  of  bracts,  as  in  the 
dogwoods  {CornncecCy  see  Frontispiece). 

373.  The  Metachlamydeae.  The  general  flower  characters  of 
this  sub-cla/^s  are  cyclic  arrangements  of  parts  with  definite 
numbers,  perigyny  or  epigyny,  and  a  reduced  number  of  carpels 
in  the  compound  pistil  (syncarpy).  The  corollas  are  usually 
showy,  the  i)etals  bemg  borne  on  tubular  or  cui>-like  outgrowths 
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(sympetaly).  The  stamens  are  usually  also  borne  on  the  same 
Wtgrowth  with  the  petals,  so  that  they  appear  to  arise  from 
them  (epipetcdy).   The  chief  orders  are: 

1.  The  ericad  order,  EriccUes,  containing  the  heath  family,  a 
very  characteristic  group  in  the  northerly  "parts  of  America, 
Europe,  and  Asia,  especially  in  the  mountains. 

2.  The  gen;gan  order,  GerUianales,  with  more  than  4000 
species,  including  the.  gentians,  olive  family,  milkweeds,  eta 

3.  The  phlox  order,  JMeTnanudes,  with  more  than  14,500  spe- 
cies, containing  a  number  of  prominent  &milies,  as  the  phloxes, 
borrages,  nightshades,  figworts,  mints,  verbenas,  and  others.  The 
two-lipped  flowers  of  the  mints,  figworts,  etc.,  distinguish  these 
families  among  the  Metachlamydeas  as  the  legumes  are  distin- 
guished among  the  Archiehlamydece,  and  the  orchids  among  the 
monocotyledons. 

4.  The  madder  order,  Biibiales,  including  the  large  madder 
family,  the  honeysuckles,  the  valerian  family,  and  the  teasels. 

5.  The  bellwort  order,  Campanulales,  containing  the  highest 
of  all  angiosperm  families,  the  Compositoe,  the  largest  in  the 
number  of  species  (more  than  12,000),  and  one  of  the  most 
successful  groups  of  plants. 

SUMMARY  OF   THE  SPERMATOPHYTES   AND   THEIR 
ADVANCES  OVER  THE  PTERIDOPHYTES 

374.  Summary  of  the  spermatophytes.  The  chief  charac- 
ters of  the  spermatophytes  and  their  advances  over  the  pteri- 
dophytes  are : 

1.  The  retention  of  the  megaspore  as  an  intimate  part  of  the 
megasporangium  (nuceUus)  to  become  the  embryo  sac,  and  the 
development  of  the  female  gametophyte  parasitically  within  this 
structure.  The  degeneration  of  the  female  gametophyte  in  the 
angiosperms  to  a  group  of  nuclei  within  the  embryo  sac. 

2.  The  origin  of  the  ovule  as  a  new  structure  fr«  i  the  mega- 
sporangium (nucellus),  together  with  enveloping  i      gi^yi^^^ 
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3.  The  development  of  the  pollen  tube  from  the  microspore 
(pollen  grain)  as  a  result  of  the  habit  of  pollination,  by  which 
microspores  enter  the  micropyles  of  the  ovules  in  gymnosperms, 
and  fall  upon  a  receptive  structure,  the  stigma,  in  angiosperms. 

4.  The  degeneration  of  the  male  gametophyte  until  it  is 
hardly  more  than  a  group  of  nuclei,  with  accompanjdng  pro- 
toplasm, in  the  pollen  grain  and  its  tube.  The  degeneration  of 
the  motile  sperms  until  they  are  represented  by  two  sperm 
nuclei  alone  (cycads  and  Ginkgo  excepted.  Sec.  348),  which  are 
carried  by  the  pollen  tube  into  the  embryo  sac. 

5.  The  development  and  retention  of  the  embryo  sporophyte 
within  the  embryo  sac,  and  the  ripening  of  the  ovule  into 
the  seed. 

6.  Tlie  massing  of  the  sporophylls  on  the  shoot,  accompanied 
by  envelopes  which  constitute  the  perianth  of  the  flower.  The 
development  in  the  angiosperms  of  the  megasporophyll,  or  carpel, 
into  the  simple  pistil,  and  the  grouping  of  carpels  through  zonal 
growth  (syncarpy)  to  form  the  compound  pistil,  so  that  the 
ovules  become  inclosed  in  an  ovule  case  (ovary).  The  differ- 
entiation of  a  receptive  surface,  the  stigma,  on  the  pistil  upon 
which  the  pollen  grain  may  germinate. 

7.  Tlie  differentiation  of  the  parts  of  the  perianth  into  sepals 
and  petals,  and  their  grouping  through  zonal  growth,  together 
with  the  stamens,  to  give  perigyny,  epigyny,  sympetaly,  syn- 
sepaly,  and  epipetaly.  The  development  of  bilateral  symmetry 
and  dorsiventrality. 

8.  A  general  development  of  the  sporopliytes  in  many  par- 
ticulars, giving  them  mucli  greater  complexities  oi  tissue  struc- 
ture, growth,  and  form  than  those  of  the  pteridophytes. 


CHAPTER  XXIX 

THE  EVOLUTION  OF  THE  SPOROPHYTE  AND  DEGENERATION 
OF  THE  GAMETOPHYTE 

375.  The  evolution  of  the  sporophyte.  Alternation  of  genera- 
tions had  its  beginnings  among  the  thallophyies,  and  is  clearly 
shown  in  the  life  histories  of  the  red  algae  and  the  sac  fungi, 
but  is  not  so  conspicuous  there  as  in  the  higher  divisions  of 
the  plant  kmgdom.  Furthermore,  the  sporophyte  generations  of 
these  thallophytes  do  not  seem  to  be  related  to  the  sporophytes 
of  the  liverworts  and  the  groups  above  them,  but  are  probably 
of  independent  origin. 

Consequently  the  line  of  evolution,  with  the  remarkable 
development  of  the  sporophyte  and  degeneration  of  tlie  game- 
tophyte,  as  illustrated  by  the  pteridophytes  and  spermatophytes, 
really  had  its  beginning  in  the  lower  bryophytes  and  in  the  algal 
ancestry,  probably  CJilorophycecv,  from  which  they  were  derived. 
This  algal  ancestry,  however,  is  not  known,  for  tliere  are  no 
living  algic  that  liave  the  combination  of  characters  which  would 
be  expected  of  the  ancestors  of  the  bryophytes,  —  namely,  the 
multicelhdar  sexual  organs,  together  with  clearly  established 
sporophyte  and  gametophyte  phases  in  the  life  histories. 

The  bryophytes  were  responsible  for  the  first  great  steps  in 
the  evolution  of  the  sporophyte  toward  the  conditions  presented 
in  the  ferns  and  seed  plants.  All  of  the  sporophytes  of  the 
liverworts  and  mosses  are  to  a  great  extent  parasitic  upon  the 
gametophytes;  that  is,  they  take  water  from  them,  and  probably 
certain  foods  in  solution.  Two  important  advances  appeared 
in  the  bryophytes. 

Fir  at.  The  spore-forming  tissue  gradually  came  to  occupy  a 
relatively  smaller  part  of  the  sporophyte  (compare  the  sporophytes 
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of  the  Riccia  group  \v\i\i  those  of  Marchantia,  Forella,  and 
Anthoceros),  Thus  tissue  wliich  originally  developed  spores, 
or  had  spore- forming  possibilities,  became  set  apart  for  vegeta- 
tive functions  alone.  In  this  manner  the  foot  and  stalk  became 
established  in  Marchantia  and  Forella,  and  the  heavy  walls  of 
the  spore  case  in  Anthoceros.  This  principle  has  been  called  the 
"  sterilization  of  potential  sporogenous  tissue,"  but  a  simpler  ex- 
pression would  be  "  the  assumption  of  vegetative  functions  by 
tissues  with  spore-forming  possibilities." 

Second.  Portions  of  the  chlorophyll-bearing  r^ons  of  the 
sporophytes  developed  stomata  in  Antlwceros  and  in  some  of 
the  mosses,  and  tliis  was  the  beginning  of  the  elaborate  mechan- 
ism for  chloropliyll  work  (photosynthesis),  which  is  developed  to 
such  a  high  degree  in  the  leaves  of  ferns  and  seed  plants. 

The  pteridophytes  carried  the  advance  much  farther,  through 
the  third,  fourth,  fifth,  and  sixtli  great  steps  ih  the  development 
of  the  sporopliyte. 

Third.  The  sporopliyte  became  independent  of  the  gameto- 
phyte  by  developing  roots,  and  to  tliese  added  stems  and  fronds. 

Fourth.  This  condition  was  associated  witli  the  differentia- 
tion of  a  va.<*cular  tissue  that  made  it  possible  for  the  sporopliyte 
to  grow  to  a  considerable  height  above  the  ground,  (1)  by  ena- 
bling it  to  maintain  a  connection  with  a  water  supply  through  the 
roots,  and  (2)  by  providing  it  with  a  strong  framework  through- 
out the  stem  and  leaves.  In  their  strengthening  functions  the 
fibro- vascular  bundles  were  greatly  assisted  by  the  development 
of  rigid  tissues  (sclderenchyma).  In  other  respects,  also,  the 
entire  tissue  structure,  or  histology,  of  the  sporophyte  became 
much  more  complicated. 

Fifth.  Fronds  were  differentiated  into  spore  leaves,  or  spo- 
rophylls,  and  vegetative,  or  foliage  leaves.  The  spore  leaves 
became  grouped  into  cones,  and  by  heterospory  were  differen- 
tiated into  micros porophy lis  and  megasporophylls. 

Sixth.  The  embryo  sporophyte  of  heterosporous  pteridophytes, 
through  the  shortening  of  the  giimetophytic  phases,  came  to  use 
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and  depend  upon  food  stored  in  the  megaspores  by  the  previous 
sporophyte  generation. 

The  spermatophytes  added  the  final  stages  in  the  evolution 
of  the  sporophyte,  as  follows : 

Seventh,  The  ovule  arose  through  the  retention  of  the  m^a- 
spore  (embryo  sac)  in  the  megasporangium  (nucellus)  inclosed 
by  integuments.  The  development  of  the  embryo  sporophyte 
within  the  embryo  sac,  and  the  ripening  of  the  ovule,  produced 
the  seed. 

Eighth,  The  ovule  case,  or  ovary,  appeared  with  the  devel- 
opment from  one  or  more  megasporophylls,  or  carpels  (frequently 
with  adjacent  tissue),  of  an  inclosing  structure,  the  pistil,  upon 
which  was  difl'erentiated  a  special  region,  the  stigma,  for  the 
reception  of  the  pollen. 

Nijhth,  The  stamen  was  developed  from  the  microsporo- 
■ph-yll. 

Tenth.  Complicated  flowers  arose  by  various  groupings  of  the 
carpels  and  stamens,  together  with  showy  or  protective  envelopes 
constituting  the  perianth. 

Ekvoith.  The  flower  cluster,  or  inflorescence,  appeared,  culmi- 
nating in  the  composite  head. 

Twelfth,  The  tissues  of  the  spermatophytes  l)ecanie  more  com- 
plicated in  many  respects  than  those  of  tlie  pteridophytes. 

376.  The  degeneration  of  the  gametophyte.  Many  steps  in 
the  degeneration  of  the  gametophyte  were  closely  related  to  the 
advances  of  the  sporophyte. 

In  most  of  the  bryophytes  the  gametophytes  appear  as 
organisms  equally  complex  with  the  sporophytes,  and  in  many 
forms  they  are  more  complex.  Thus  the  gametophytes  of  the 
mosses  and  leafy  liverworts  show  a  considerable  advance  over 
the  thalloid  gametophytes  of  the  simple  bryophytes.  The  thal- 
loid  gametophyte,  however,  seems  to  have  been  the  type  that 
was  passed  over  to  the  pteridophytes,  and  Anthoceros  probably 
gives  a  fair  idea  of  the  relative  complexity  of  the  two  genera- 
tions at  the  time  when  the  first  pteridophytes  arose. 
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The  beginnings  of  the  degeneration  of  the  gametophyte 
became  clearly  evident  in  the  pteridophytes  when  the  rela- 
tively small  and  simple  prothallium  took  the  place  of  the  large 
gametophytes,  as  illustrated  in  the  Riccia  and  Marchantia 
groups.  Its  further  simplification  was  greatly  accelerated  by 
heterospory,  passing  through  four  prominent  stagea: 

First.  Dependence  upon  food  stored  in  the  microspore  and 
inegaspore,  together  with  gradual  loss  of  chlorophyll,  reduced 
the  gametophytes  to  small  structures  producing  relatively  few 
sexual  organs  and  gametes.  Thus  the  gametophytes  in  the 
pteridophytes  became  dependent  upon  food  supplied  by  the  spo- 
rophy tes  by  way  of  the  spores,  —  a  relation  exactly  the  reverse 
of  that  in  the  bryophytes. 

Second.  The  gametophytes  became  differentiated  as  male  and 
femrie  in  sex,  associated  with  the  microspores  and  megaspores, 
respectively. 

The  spermatophytes,  by  means  of  the  seed  habit,  brought 
about  the  greatest  changes  in  the  gametophytes,  as  follows : 

Third.  The  female  gametophyte  degenerated  to  such  an 
extent  by  the  retention  of  the  megaspore  (embryo  sac)  in  the 
niegasporangium  (nucellus)  that  the  archegonium  lost  its  form 
and  finally  became  represented  in  its  essentials  by  the  egg  alone. 
The  vegetative  tissue  became  reduced  until  only  a  few  nuclei 
of  uncertain  relationship  (antipodal  and  polar  nuclei)  remain. 

Fourth.  The  male  gametophyte  degenerated  in  structure  in 
a  similar  manner  until  the  antheridium  disappeared,  and  the 
numerous  ciliated  sperms  of  the  pteridophytes  were  represented 
by  only  two  sperm  nuclei,  with  associated  protoplasm.  Vegeta- 
tive tissue  was  reduced  until  only  a  single  nucleus  remained  in 
the  angiosperms  to  represent  sterile  (tells  of  a  male  gametophyte. 

There  arose,  however,  by  means  of  the  seed  habit  an  activity 
on  the  part  of  the  male  gameto})hyte  which  is  one  of  the  most 
remarkable  developments  in  plant  evolution.  The  ap})earance  of 
the  pollen  tube,  with  its  parasitic  relations  to  the  siX)rophyte,  is 
a  very  complex  life  relation.    This  was  the  chief  cause  of  floral 
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evolutioD,  with  all  its  wonderful  diversities  of  form  and  struc- 
ture in  relation  to  insect  lif  e^  —  diversities  assumed  to  carry  out 
the  relation  of  flowers  to  insect  carriers  of  pollen. 

F^urt  II  of  this  work  has  given  an  outline  of  the  evolution 
and  classification  of  plants  based  on  comparative  studies  of 
their  morphology.  The  conclusions  are  necessarily  speculative 
and  philosophical,  for  we  have  no  means  of  knowing  exactly 
what  has  happened  throughout  the  geological  ages.  The  fossil 
remains  of  plants  are  very  helpful  in  certain  groups,  as  the  pteri- 
dophytes  and  spermatophytes,  but  they  are  fragmentary  and 
relatively  few,  except  for  such  periods  as  those  when  coal  or 
coal-like  deposits  were  formed.  Consequently  our  conclusions 
as  to  the  evolutionary  history  of  plants  must  be  founded  chiefly 
on  studies  of  life  histories  and  the  comparative  morphology  of 
living  groups.  In  spite  of  difficulties,  the  plant  morphologist  has 
been  able  to  establish  a  classification  of  plants,  based  on  kinship, 
so  as  to  determine  the  framework  of  evolutionary  lines  with 
remarkable  clearness,  and  these  conclusions  give  to  botany  its 
chief  interest  on  the  side  of  morphology.  It  is  not  strange  that 
the  development  of  exact  ideas  in  regard  to  plant  evolution 
should  have  lagged  behind  the  progress  made  in  that  line  in 
animal  evolution,  since  the  paleontological  evidence  available  for 
the  botanist,  as  above  stated,  is  so  scanty.  It  is  only  within  a 
very  few  years  that  any  attempt  has  been  made  to  introduce 
beginners  in  botany  to  the  evolutionary  history  of  plants,  and 
popular  knowledge  of  the  subject  is  now  no  farther  advanced 
than  was  knowledge  of  animal  evolution  more  than  thirty 
years  ago. 


Part  III 

ECOLOGY  AND  ECONOMIC  BOTANY 

CHAPTER  XXX 
PARASITES  AND  CARNIVOROUS  PLANTS 

377.  Ecology.*  Plant  ecology  discusses  the  way  in  which 
plants  get  on  with  their  animal  and  plant  neighbors  and,  above 
all,  the  way  in  which  they  adjust  themselves  to  the  nature  of 
the  soil  and  climate  in  which  they  live.  Ecology,  in  short, 
treats  of  the  relations  of  plants  to  the  world  about  them.  A 
good  deal  of  what  has  been  said  in  previous  chapters  on  such 
topics  as  parasitic  plants,  climbing  plants,  the  movements  of 
leaves,  the  coating  of  hairs  on  stems  and  leaves,  the  storage 
of  water  in  epidermis  cells,  is  really  ecological  botany,  although 
it  is  not  so  designated  in  the  sections  where  it  occurs.  It  is 
evident  enough  that  much  of  the  subject-matter  of  ecology  is 
merely  a  special  department  of  physiolog}%  but  another  portion 
of  it  forms  an  important  part  of  plant  geography. 

378.  Parasites.  By  the  term  imrasiie  in  botany,  a  plant 
is  meant  which  draws  its  food  sup})ly  wholly  or  partially 
from  another  living  plant  or  animal  called  the  host.  In  Sec.  29 
the  life  history  of  a  familiar  parasite,  the  dcnlder,  was  briefly 
sketched,  and  the  parasitic  fungi  among  spore  })lants  have  l)een 
discussed  in  Chapter  xxii. 

*  To  THE  Instrim'tor  :  The  treatment  of  the  subject  of  ecolo^  will  per- 
tain almost  entirely  to  seed  plants.  Many  ecological  topics  relating  to  spore 
plants  have  been  discussed  under  the  various  groups  described  in  Part  II. 
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379.  Half-parasitic  seed  plants.  Half  parasites,  or  partial 
parasites,  are  those  which  take  a  portion  of  their  food,  or  of 
raw  materials  to  make  food,  from  their  host  and  manufacture 
the  rest  for  themselves.  Usually  they  take  mainly  the  newly 
absorbed  soil  water  from  the  host  and  do  their  own  starch 
making  by  combining  the  carbon  dioxide,  which  they  absorb 
through  their  leaves,  with  the  water  stolen  by  the  parasitic 
roots,  or  hatLstoria,  imbedded  in  the  wood  of  the  host.  Evidently 
the  needed  water  may  just  as  well  be  taken  from  the  under- 
ground parts  of  the  host  as  from  the  upper  portions,  and  accord- 
ingly many  half  parasites  are  parasitic  on  roots.  This  is  the 
case  with  many  of  the  beautiful  false  foxgloves  (Gerardia), 
with  the  painted  cup  {CdstUlea),  and  some  species  of  false 
toadflax  (Camandra)  and  some  orcliids.*  Usually  these  root 
parasites  are  not  recognized  by  non-botanical  people  as  para- 
sites at  all,  but  in  Germany  a  species  common  in  grain  fields  * 
and  the  eyebright,  which  abounds  in  grass  fields,  are  respectively 
known  as  "  hunger  "  and  "  milk  thief,"  from  the  injury  they  do 
to  the  plants  on  which  they  fasten  themselves.  Tlie  mistletoe 
is  a  familiar  example  of  a  half  parasite  which  roots  on  branches. 
Among  the  scanty  belts  of  cottonwood  trees  along  streams  in 
New  Mexico  it  is  necessary  to  lop  off  the  mistletoe  every  year 
to  give  the  tree  any  chance  to  grow.  Half  parasites  may  be 
known  from  plants  that  are  fully  parasitic  by  having  green 
or  greenish  foliage,  while  complete  })arasites  have  no  chlorophyll 
and  so  are  not  at  all  green. 

380.  Wholly  parasitic  seed  plants.  Tliese  are  so  nearly 
destitute  of  the  power  of  photosynthesis  that  they  must  rob 
other  plants  of  all  needed  food  or  die  of  starvation.  Some,  like 
the  cancer  root  {Aphyllon)  are  root  parasites;  others,  like  the 
dodder  (Fig.  16),  are  parasitic  on  stems  above  ground.  The 
most  dependent  species  of  all,  such  as  the  flax  dodder,  can  live 
on  only  one  kind  of  host,  while  the  coarse  orange-stemmed 

1  See  Berp:en,  Flora  of  the  Northeastern  States. 

2  Alectorolophus  hirsutus. 
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dodder,^  which  is  common  all  over  the  central  and  the  north- 
eastern states,  grows  freely  on  many  kinds  of  plants,  from 
golden-rods  to  willows. 

381.  Saprophytes.  A  saprophyte  (meaning  decay  plant)  is 
a  plant  of  which  the  nutrition  is  largely  or  wholly  dependent 
on  the  absori)tion  of  organic 
material,  usually  when  in  a 
state  of  fermentation  or  de- 
cay. Most  i)lants  of  this  kind 
are  fungi  (Chapter  xxii),  but 
there  are  a  few  saprophytic 
seed  plants,  tlie  Indian  pipe, 
so  common  in  coniferous 
woods,  being  one  of  the 
most  familiar.  In  appear- 
ance the  sapropliytes  re- 
semble parasites  so  far  as 
the  absence  of  green  color 
is  concerned  and  of  course 
they  do  little  or  no  photo- 
synthetic  work. 

382.  Carnivorous  plants. 
In  the  ordinary  pitcher 
plants  (Fig.  311)  the  leaf 
aj)i>ears  in  the  shajx?  of  a 
more  or  less  hoiKled  pitcher. 
Tliese  pitchers  are  usually 
partly  filled  with  water,  and 
in  this  water  very  many 
drowned  and  decaying 
insects  are  commonly  to  l)e  found.  The  insects  have  flown  or 
crawled  into  the  ])itcher,  and,  once  inside,  have  In^en  unable 
to  escape  on  account  of  the  dense  growth  of  bristly  hairs  about 
the  mouth,  all  jnnnting  inward  and  downward.    How  much  the 

*  Cus'uta  Gron')Vii. 


Ficj.  311.   Common  pitcher  plant 
{Sarracenia  purpurea) 

At  the  right,  one  of  the  pitcher-like  leaves  i« 
Bhown  in  crojw  section 
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Fk;.  312.   Sundew  (Drosera  rotund  if  oil  a) 

common  American  pitcher  plants  depend  for  nourishment  on 
the  drowned  insects  in  tlie  pitchers  is  not  definitely  known,  but 
it  is  certain  that  some  of  tlie  tropical  species  require  such  food.^ 

^  Wlierc  Mic  Sarrarenin  is  abundant  it  will  be  found  interesting:  and  profit- 
able to  make  a  careful  class  study  of  its  leaves.  See  Geddes,  Chajyters  in 
Modern  Botany.  Chapters  i  and  ii. 
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In  other  rather  common  plants,  the  sundews,  insects  are 
caught  by  a  sticky  secretion  which  proceeds  from  hairs  on  the 
leaves.  In  one  of  the  commonest  sundews  (Fig.  312)  the  leaves 
consist  of  a  roundish  blade,  borne  on  a  moderately  long  petiole. 
On  the  inner  surface  and  round  the  margin  of  the  blade  are 
borne  a  considerable  numljer  of  short  bristles,  each  terminating 
in  a  knob,  whicli  is  covered  with  a  clear,  sticky  liquid.  WTien  a 
small  insect  touches  one  of  the  sticky  knol)s  it  is  held  fast,  and 
the  hairs  at  once  begin  to 
close  over  it,  as  shown  in  .^i*,'! 
F'ig.  313.  Here  it  soon 
dies  and  then  usually  re- 
mains for  many  days, 
while  the  leaf  pours  out 
a  juice  by  which  the 
soluble  parts  of  tlie  insect 
are  digested.  Tlie  liquid 
containing  the  digested 
jMjrtions  is  then  abs()r])ed 
l)y  the  leaf  and  contril>- 
utes  an  important  part  of 
the  nourishment  of  the 
plant,  while  the  undigested 
fragments,  such  as  legs,  wing  cases,  and  so  on,  remain  on  the 
surface  of  the  leaf  or  may  drop  off  after  the  hairs  let  go  their 
hold  on  the  captive  insect. 

In  the  Venus  flytrap,  which  grows  in  the  sandy  regions  of 
eastern  North  Carolina,  the  mechanism  for  catching  insects  is 
still  more  remarkable.  The  leaves,  as  shown  in  Fig.  314,  termi- 
nate in  a  hinged  ix)rti()n,  which  is  surrounded  by  a  fringe  of 
stifT  bristles.  On  the  inside  of  each  half  of  the  trap  grow  three 
short  hairs.  The  trap  is  so  sensitive  that  when  these  hairs  are 
touched  it  closes  with  a  jerk  and  very  generally  succeeds  in 
capturing  the  fly  or  other  insect  which  has  sprung  it.  The 
imprisoned  insect  then  dies  and  is  digested,  somewhat  as  in  the 


Fig.  313.   Leaves  of  sundew 

The  one  at  the  left  has  all  its  tentacles  closed 
over  captured  prey ;  the  one  at  the  right  has 
only  half  of  them  thus  closed.  Somewhat 
magnitied.  —  After  Darwin 
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case  of  those  caught  by  the  sundew,  after  which  the  trap  reopens 
and'is  ready  for  fresh  captures. 

383.  Object  of  catching  animal  food.  It  is  easy  to  under- 
stand why  a  good  many  kinds  of  plants  have  taken  to  catcli- 
ing  insects  and  absorbing  the  digested  products.  Carnivorous, 
or  flesh-eating,  plants  belong  usually  to  one  of  two  classes  as 


Fig.  814.   Venus  flytrap  {Dionoea  muscipula) 

regards  their  place  of  growth ;  they  are  bog  plants  or  air  plants. 
In  either  case  their  roots  find  it  difficult  to  secure  much  nitrogen- 
containing  food, —  that  is,  much  food  out  of  which  proteid  mate- 
rial can  be  built  up.  Animal  food,  being  itself  largely  proteid,  is 
admirably  adapted  to  nourish  the  growing  parts  of  plants,  and 
those  which  could  develop  insect-catching  powers  would  stand 
a  far  better  chance  to  exist  as  air  plants  or  in  the  thin,  watery 
soil  of  bogs  than  plants  which  had  acquired  no  such  resources. 


CHAPTER  XXXI 
HOW  PLANTS  PROTECT  THEMSELVES  FROM  ANIMALS 

384.  Destruction  by  animals.  All  animals  are  supported 
directly  or  indirectly  by  plants.  In  some  cases  the  animal 
secures  its  food  without  much  damage  to  the  plant  on  which  it 
feeds.  Browsing  on  the  lower  branches  of  a  tree  may  do  it  little 
injury,  and  grazing  animals,  if  not  numerous,  may  not  seriously 
harm  the  pasture  in  which  they  feed.  Fruit-eating  animals 
may  even  be  of  much  service  by  dispersing  seeds  (Sec.  420). 
But  seed-eating  birds  and  quadrupeds,  animals  which  (like  the 
hog)  dig  up  fleshy  roots,  rootstocks,  tubers,  or  bulbs,  and  eat 
them,  or  animals  which  (like  the  sheep)  graze  so  closely  as  to 
expose  the  roots  of  grasses  or  even  of  forest  trees  to  be  parched 
by  the  sun,  destroy  immense  numbers  of  plants.  Many  trees, 
as  the  apple,  peach,  and  black  locust,  have  the  trunk  fatally 
weakened  by  the  boring  larvic  of  insects.  Leaf-eating  insects, 
such  as  grasshoppers  and  caterpillars,  cause  immense  damage 
to  foliage,  and  others,  like  the  chinch  bug  so  destructive  to 
grain  crops,  suck  the  juices  from  roots,  stems,  or  leaves. 

385.  Some  modes  of  protection  from  animals.  Many  of  the 
characteristics  of  })lants  may  be  wholly  or  partly  due  to  adapta- 
tions for  protective  i)uriM)ses,  while  in  particular  cases  w^e  cannot 
be  sure  of  the  fact.  Perching  on  lofty  rocks  or  on  branches  of 
trees,  l)urying  the  j)erennial  part  (bulb,  rootstock,  etc.)  under- 
ground, growing  in  dense  masses,  like  a  canebrake  or  a  thicket 
of  blackl)erry  bushes,  —  all  such  habits  of  plants  may  be  partly 
or  altogether  valuable  to  the  plant  as  means  of  avoiding  the 
attacks  of  animals,  but  this  cannot  be  proved.  On  the  other 
hand,  there  are  plenty  of  instances  of  structures,  habits,  or  accu- 
mulations of  stored  material  in  their  tissue  which  plants  seem 
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to  have  acquired  mamly  or  entirely  as  means  of  defensa    Some 
of  the  most  important  are : 

1.  The  habit  of  keeping  a  bodyguard  of  ants. 

2.  Forming  tough,  corky,  woody,  limy,  or  flinty,  and   therefore 

nearly  uneatable,  tissue. 

3.  Arming  exposed  parts  with  cutting  edges,  sharp  or  stinging  hairs, 

prickles,  or  thorns. 

4.  Accumulating  unpleasant  or   poisonous   substances   in   exposed 

parts. 

386.  Ant  plants.  Some  ants  live  on  v^etable  food,  but  most 
of  them  eat  only  animal  food,  and  these  latter  are  extremely 
voracious.    It  has  been  estimated  by  a  careful  scientist,  an 


Fig.  315.    An  ant  plant  (Acacia  aphoerocephala) 

tj  thorns;  h,  hole  in  thorn;  n,  nectary;  6,  Belt's  body  on  tip  of  leaflet.  —  After 

S<'himpei* 

authority  on  this  subject,  that  the  ants  of  a  single  nest  some- 
times destroy  as  many  as  one  hundred  thousand  insects  in  a 
day.  Tlie  Chinese  orange  growers  in  the  province  of  Canton 
have  found  liow  useful  ants  may  be  as  destroyers  of  other 
insects,  and  so  tliey  place  ant  nests  in  the  orange  trees  and 
extend  bamboos  across  from  one  tree  to  another,  to  serve  as 
bridges  for  the  ants  to  travel  on. 
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Certain  tropical  trees  offer  ants  special  inducements  to  estab- 
lish colonies  on  their  trunks  and  branches.  The  attractions 
wliich  are  offered  to  ants  by  various  kmds  of  trees  differ  greatly. 
One  of  the  most  interesting  adaptations  is  that  of  an  acacia 
(Fig.  315),  which  furnishes  little  growths  at  the  ends  of  the 
leaflets  which  serve  as  ant  food.  These  little  growths  are  known 
from  their  discoverer  as  Belt's  bodies.  The  ants  bore  holes  into 
the  large,  hollow,  stipular  thorns  sho^^^l  in  the  figure,  live  in 
these  thorns,  feed  on  the  Belt's  bodies,  and  protect  the  acacia 
from  insect  and  other  enemies.  A  nectary  on  the  leaf  furnishes 
additional  ftK)d  to  the  ant  inhabitants  of  the  tree.  A  gretit  multi- 
tude of  plants,  some  of  them  herbs,  offer  more  or  less  im{xjr- 
tant  inducements  to  attract  ant  visitors ;  the  species  which  are 
kno>\Ti  to  do  this  number  over  three  thousand.^ 

387.  Plants  of  uneatable  texture.  Whenever  tender  and 
juicy  herbage  is  to  be  had,  plants  of  hard  and  stringy  texture 
are  left  untouched  by  graznig  animals.  The  flinty-stemmed 
horsetails  {Equisetiun,  Sec.  316)  and  the  dry,  tough  rushes  are 
familiar  examples  of  uneatable  plants  of  damp  soil.  In  pastures 
there  grow  such  i)erennials  as  the  bracken  fern  and  the  hard- 
hack  of  New  PIngland  and  the  ironweed  and  vervains  of  the 
central  states,  which  are  so  harsh  and  woody  that  the  hungriest 
browsing  animal  is  rarely,  if  ever,  seen  to  molest  them.  Still 
other  plants,  like  the  knotgrass  and  cin([uefoil  of  our  dooryards, 
are  doubly  safe,  from  their  growing  so  close  to  the  ground  as  to 
l)e  hard  to  graze,  and  from  Iheir  woody  and  unpalatable  nature. 
The  date  palm,  which  can  easily  l)e  raised  from  the  seed  in  the 
botanical  laboratory,  is  an  excellent  instance  of  the  same  un- 
eatable quality,  found  in  a  troyncal  or  sub-tropical  jJant.  Other 
good  exam])les  are  the  shrubs  of  heath  lands  and  of  such  coria- 
ceous, or  leathery-leafed,  thickets  as  the  Australian  scrub  and 
the  California  chaparral. 

1  PoflHibly  in  many  raflen  the  attractivent  :>f  plants  for  ants  is  only 
incidental  ami  has  not  been  evolved  wiUi  direci  o       pn     cUon 

to  be  rendered  by  these  insects. 
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388.  Plants  with  weapons  for  defense.^  Miiltitudes  of  plants, 
which  might  otherwise  have  been  subject  to  the  attacks  of  graz- 
ing or  browsing  animals,  have  acquired  what 
have  with  reason  been  called  weapons. 
Shrubs  and  trees  not  infrequently  produce 
sharp-pointed  branches,  familiar  in  our  own 
crab  apple,  wild  plum,  thorn  trees,  and, 
above   all,  in   the  honey  locust  (Fig.  35), 


Fig.  316.  Spiny  leaves  of  barberry 

whose  formidable  thorns  often  branch  in  a  very  complicated 
manner.    It  is  noteworthy  tliat  the  protection  given  by  thorns 

is  not  from  those  of  the 
season,  but  from  the  dry 
and  hard  ones  of  preceding 
years. 

Leaves  modified  into 
thorns  are  very  perfectly 
exemplified  in  the  barberry 
(Fig.  316).  It  is  much  com- 
moner, however,  to  find  the 
leaf  extending  its  midrib  or 
its  veins  out  into  spiny  points, 
as  the  thistle  does,  or  bearing 
spines  or  prickles  on  its  midrib,  as  is  the  case  with  some  night- 
shades (Fig.  317)  and  with  so  many  roses. 

^  See  Kerner  and  Oliver,  Natural  History  of  Plants^  Vol.  I,  p.  480. 


Fig.  SI 7.  Spiiiyleaf  of  ei 
nightshade  {SfAanum 
atropurpurmm) 
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Prickles,  which  are  merely  hard,  sharp-pointed  projections 
from  the  epidermis,  are  of  too  common  occurrence  to  need 
illustration. 

Thorns  are  often  found  to  be  modified  stipules,  and  in  our 
common  locust  (Fig.  319)  the  bud,  or  the  very  young  shoot 


r 


Tim  ^piiH'H  are  (Icml  and 


whidi  i*r<K'eal!*  fnmi  it,  is  admi- 
rably protected  by  the  juttin^^  thorn 
of  the  pitivi^ms  yt^ir  on  eiliRH'  side. 

389*  PolQted,  barbed,  and  sting-   Fig.  319.  Thorn 
ing  hairs.    On  many  j)lants  needle-        stipules  of 
pointed  hairs  form  eflicient  defensive  weapons.  locust 

Sometimes  these  hairs  are  roughened,  like  those  of  the  bugloss 
(Fig.  320,  h) ;  sometimes  they  are  decidedly  barl)ed.  If  the  barbs 
are  well  develojKjd,  as  they  are  in  the  small  but  formidable 
bristles  of  i)rickly  pear  cactuses,  they  may  cause  the  hairs  to 
travel  far  into  the  flesh  of  animals  and  cause  intense  pain.  In 
the  nettle  (Fig.  320,  n)  the  hairs  are  efficient  stings,  with  a 
brittle  tip,  which  on  breaking  oft'  ex[)oses  a  sharp,  jagged  tul>e 
full  of  irritating  fluid.  These  tubular  hairs,  with  their  i)oisonous 
contents,  will  be  found  sticking  in  the  skin  of  the  hand  or  the 
face  after  incautious  contact  with  nettles,  and  the  violent  itch- 
ing which  follows  is  only  too  familiar  to  most  peopla 
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390.  Cutting  leaves.  Some  grasses  and  sedges  are  generally 
avoided  by  cattle  because  of  the  sharp,  cutting  edges  of  their 
leaves,  which  will  readily  slit  the  skin  of  one's  hand  if  they  are 
drawn  rapidly  through  the  fingers.  Under  the  microscope  the 
margins  of  such  leaves  are  seen  to  be  r^ularly  and  thickly  set 
with  sharp  teeth  like  those  of  a  saw  (Fig.  320,  c,  d), 

d 


Fk;.  320.   Stinging  hairs  and  cutting  leaves 

a,  stinging  liairs  on  leaf  of  nettle;  6,  bristle  of  the  bugloss;  c,  barbed  margin  of 
a  leaf  of  setlge;  d,  barbed  margin  of  a  leaf  of  grass.  All  much  magnitie«l. — 
After  Keriier 

391.  Weapons  of  desert  plants.  In  tenii)erate  regions,  where 
vegetation  is  usually  abundant,  such  moderate  means  of  protec- 
tion as  have  just  been  described  are  generally  sufficient  to  insure 
the  safety  of  the  plants  which  have  developed  them.  But  in 
desert  or  semi-desert  regions  the  extreme  scarcity  of  plant  life 
especially  exposes  the  few  plants  that  occur  there  to  the  attacks 
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of  herbivorous  animals.  Accordingly,  great  numbers  of  desert 
plants  are  characterized  by  nauseating  or  poisonous  qualities  or 
by  the  presence  of  astonishingly  developed  thorns  (Figs.  50, 
357),  while  some  combine  both  of  these  means  of  defense. 

392.  Offensive  or  poisonous  plants.  A  disgusting  smell  is 
one  of  the  common  safeguards  which  keep  plants  from  being 
eaten.  The  dog  fennel  (Fig.  364),  the  hound's  tongue  {Ci/no- 
(jlossum),  the  Marty nia,  and  the  tomato  plant  are  common  exam- 
ples of  rank-smelling  plants  which  are  offensive  to  most  grazing 
animals  and  so  are  let  alone  by  them.  Oftentimes,  as  in  the 
case  of  the  jimson  weed  {Datura),  the  tobacco  plant,  and  the 
p<^isonous  hemlock  {Conivm),  the  smell  serves  as  a  warning  of 
the  ]X)is()nous  nature  of  the  plant. 

A  bitter,  nauseating,  or  biting  taste  protects  many  ])lants  from 
destruction  by  animals.  Buckeye,  horse-chestnut,  and  buck- 
thorn twigs  and  leaves  are  so  bitter  that  browsing  animals  and 
most  insects  let  them  alone.  Tansy,  ragweed,  1)oneset,  southem- 
wcKxl,  and  wormwood  are  safe  for  the  same  reason.  The  nau- 
seous taste  of  many  kinds  of  leaves  and  stems,  such  as  those  of 
the  ix)tato,  and  the  fiery  tnste  of  j)epixTcorns,  red  i)ei){)ers,  mus- 
tard, and  hoTse-radish,  make  these  substances  uneatable  for  most 
animals.  Probably  1)<)th  the  smell  and  the  taste  of  onions  serve 
to  insure  the  safety  of  the  bulbs  from  the  attacks  of  most  grubs, 
and  the  hard  corm  of  the  jack-in-the-puljut  {Arisama)  is  care- 
fully^ let  alone  on  account  of  the  blistering  nature  of  its  contents. 

Poisonous  i)lants  are  usually  shunned  by  grown-up  animals 
unless  they  are  famished,  though  the  young  ones  will  some- 
times eat  such  plants  and  may  Iwi  killed  1)y  them.  Almost  any 
])art  of  a  jMjisonous  sjKH'ies  may  contain  the  ]>oison  character- 
istic of  the  ])lant,  but,  for  obvious  reasons,  such  substances  are 
e8i)ecially  apt  to  W  stored  in  the  ]»arts  of  the  plant  where  its 
supply  of  reserve  f(K)d  is  kept. 


CHAPTER  XXXII 
POLLmATIOir  OF  FLOWERS  AND  PROTECTION  OF  POLLEN 

393.  Topics  of  the  Chapter.  The  ecolc^  of  flowers  is  con- 
cerned mainly  with  the  means  by  which  the  transference  of 
pollen,  or  pollination^  is  effected,  and  with  the  ways  in  which 
pollen  is  kept  away  from  undesirable  insect  visitors  and  from 
rain. 

394.  Cross  pollination  and  self  pollination.  It  was  long  sup- 
posed by  botanists  that  the  pollen  of  any  bisexual  flower  needed 
only  to  be  placed  on  the  stigma  of  the  same  flower  to  insure  sat- 
isfactory fertilization.  But  in  1857  and  1858  the  great  English 
naturalist,  Charles  Darwin,  stated  that  certain  kinds  of  flowers 
were  entirely  dependent  for  fertilization  on  the  transference 
of  pollen  from  one  plant  to  another.  It  was  also  shown  that 
probably  nearly  all  attractive  flowers,  even  if  they  can  produce 
some  seed  when  self-pollinated,  do  far  better  when  pollinated 
from  the  flowers  of  another  plant  of  the  same  kind.^  This  im- 
portant fact  was  established  by  a  long  series  of  experiments 
on  the  number  and  vitality  of  seeds  produced  by  a  flower  when 
treated  with  its  own  pollen,  or  selfywlliiiatedy  and  when  treated 
with  pollen  from  another  flower  of  the  same  kind,  or  cross- 
pollinated? 

Another  important  advantage  of  cross  pollination  is  that  it 
tends  to  give  the  offspring  additional  variability  (Chapter  XL), 
and  thus  enables  them  better  to  adapt  themselves  to  changing 
environment  or  to  any  difficult  conditions. 

1  See  Darwin,  Cross  and  Self  Fertilization  in  the  Vegetable  Kingdom 
(especiaUy  Chapters  i  and  ii). 

2  On  dispersion  of  pollen,  see  Kerner  and  Oliver,  Natural  History  of 
Plants,  Vol.  II,  pp.  129-287. 
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It  should  always  be  kept  in  mind  that  many  of  the  most 
successful  plants,  including  a  large  number  of  troublesome 
weeds,  are  capable  of  self  pollination. 

395.  Wind-pollinated  flowers.^  It  has  already  been  mentioned 
that  some  pollen  is  dry  and  powdery,  and  other  kinds  are  more 
or  less  sticky.  Pollen  of  the  dusty  sort  is  light,  and  therefore 
adapted  to  be  blown  about  by  the  wind.  Any  one  who  has  been 
much  in  cornfields  after  the  corn  has  "  tasseled  "  has  noticed  the 
pale  yellow,  dusty  pollen  which  flies  about  when  a  cornstalk  is 
jostled,  and  which  collects  in  considerable  quantities  on  the 
blades  of  the  leaves.  Corn  is  monoecious,  but  fertilization  is 
best  accomplished  by  pollen  blown  from  the  ''  tassel "  (stamens) 
of  one  plant  being  carried  to  the  "  silk  "  (stigma  and  style  of 
the  pistils)  of  another  plant.  This  is  well  shown  by  the  fact, 
familiar  to  every  observing  farmer's  boy,  that  solitary  cornstalks, 
such  as  often  grow  very  luxuritintly  in  an  unused  barnyard  or 
similar  locality,  bear  very  imperfcn^t  ears  or  none  at  all.  The 
common  ragweed  is  remarkable  for  the  great  quantities  of 
pollen  which  shake  off  on  to  the  shoes  or  clothes  of  the 
passer-by,  and  it  is  wind-pollinated.     So,  . 

too,  are  the  pines,  and  these  produce  so    ^V/UL^x^ 
much  pollen  that  it  has  been  mistaken  '^TLJNV 

for  showers  of  sulphur,  falling  often  at  \j/ 

long  distances  from  the  forests  where  it   Fio.  321.  Pistil  of  a  grass, 
was  produced.    The  pistil  of  wind-i)olli-      provided  with  a  feath- 

^    f  ^  •       i«i        r     *i  i\i  ery  stigma,  adapted  for 

nated  flowers  is  often  feathery  and  thus      wind-pollination 

adapted   to   catch    flying   iH)llen   grains  After  Thom^ 

(Fig.  321).    Other  characteristics  of 

such  flowers  are  the  inconspicuous  character  of  their  perianth, 

which  is  usually  green  or  greenish,  the  a))sence  of  odor  and 

of  nectar,  the  regularity  C)f  the  corolla,  and  the  development 

of  the  flowers  before  tlie  leaves  or  their  occurrence  on  stalks 

raised  al)ove  the  leaves. 


1  See  Miss  Newell,  Botany  Reader,  Part  II,  Chapter  vii. 
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Pollen  is,  in  the  case  of  a  few  aquatic  plants,  carried  from 
flower  to  flower  by  the  water  in  which  the  plant  grows. 

396.  Insect-pollinated  flowers.  Mos'  plants  which  require 
cross  pollination  depend  upon  insects  as  pollen  carriers,^  and  it 
may  be  stated  as  a  general  fact  that  the  showy  colors  and  mark- 
ings of  flowers  and  their  odors  all  serve  as  so  many  advertise- 
ments of  the  nectar  (commonly  but  wrongly  called  honey)  or  of 
the  nourishing  pollen  which  the  flower  has  to  offer  to  insect 
visitors. 

Many  insects  depend  mainly  or  wholly  upon  the  nectar  and 
the  pollen  of  flowers  for  their  food.  Such  insects  usually  visit 
during  any  given  trip  only  one  kind  of  flower,  and  therefore 
carry  but  one  kind  of  pollen.  Going  straight  from  one  flower  to 
another  with  this,  they  evidently  waste  far  less  pollen  than  the 

wind  or  water  must  waste.  It  is 
therefore  clearly  advantageous  to 
flowers  to  develop  such  adapta- 
tions as  fit  them  to  attract  insect 
visitors,  and  to  give  pollen  to  the 
latter  and  receive  it  from  them. 
397.  Pollen-carrying  appara- 
tus of  insects.2  Ants  and  some 
])eetles  which  visit  flowers  have 
smooth  bodies,  to  which  little 
pollen  adheres,  so  that  their  visits 

A,  right  hind  le«j  of  a  honeybee  (seen    are  often  of  slight  value  to   the 
from    behind  and   within);    Ji,   the    n  -i     .  i.     i.i  n  i     j. 

tibia;  n,  seen  from  the  outside,  Aower,  but  many  beetles,  all  but- 
showing:  the  collecting  basket  formed  terflies  and  moths,  and  most 

of  stiff  hairs.  —  After  Miiller  i         t_  i     j*  i  j      -xi 

bees  have  bodies  roughened  with 
scales  or  hairs,  which  hold  a  good  deal  of  pollen  entangled.  In 
the  common  honeybee  (and  in  many  other  kinds)  the  greater 
part  of  the  insect  is  hairy,  and  there  are  special  collecting 
baskets,  formed  by  bristle-like  hairs,  on  the  hind  legs  (Fig.  322). 

1  A  few  are  pollinated  by  snails  ;  many  more  by  humming  birds  and  other 
birds.  2  See  P.  Knuth,  Hanibuch  der  Bluthenbiologie,  Vol.  I, 
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It  is  easy  to  see  the  load  of  pollen  accumulated  in  these  baskets 
after  such  a  bee  has  visited  several  flowers.  Of  course  the  pollen 
which  the  bee  packs  in  the  baskets  and  carries  off  to  the  hive, 
to  be  stored  for  food,  is  of  no  use  in  pollination.  In  fact,  such 
pollen  is  in  one  sense  entirely  wasted.  But  since  such  bees  as 
have  these  collecting  baskets  are  the  most  industrious  visitors 
to  flowers,  they  accomplish  an  immense  share  of  the  work  of 
pollination  by  means  of  the  pollen  grains,  which  stick  to  their 
hairy  coats  and  are  then  transferred  to 
other  flowers  of  the  same  kind  next  visited 
by  the  bee. 

398.  Nectar  and  nectaries.  Nectar  is  a 
sweet  li(iuid  which  flowers  secrete  and 
which  attracts  insects.  After  partial  diges- 
tion in  the  crop  of  the  bee,  nectar  be- 
comes honey.  Those  flowers  which  secrete 
nectar  usually  do  so  by  means  of  7iectar 

glands,  small  organs  situated  often   near  F'«:  ^f  •  stamens  and 
^        .  '^  pistil   of    the    grape 

the  base  of  the  flower,  as  shown  in  Fig.  323.       (magnified),  with  a 

Sometimes  the  nectar  clings  in  droplets  to      nectar  ghmd  g  be- 
the   surface  of  the  nectar  glands ;    some-      ^^''*^^"  ^^'^  "^'''"^"« 
times    it    is    stored    in    little    cavities    or  After  ix^caisne 

pouches  called  nectaries.    The  }K)uclies  at  the  bases  of  columbine 
j)etals  are  among  the  most  familiar  of  nectaries. 

399.  Odors  of  flowers.  The  acuteness  of  the  sense  of  smell 
am(mg  inset^ts  is  a  familiar  fact.  Flies  Imzz  alnmt  the  wire 
netting  which  covers  a  i)iece  of  fresh  meat  or  a  dish  of  sirup, 
and  l)ees,  wii.sj)s,  and  hornets  will  fairly  besiege  the  window 
screens  of  a  kitchen  where  preserving  is  going  on.  Many 
plants  fin<l  it  jK^ssible  to  attract  as  many  insect  visitors  as  they 
need  witliout  giving  off  any  scent  p(^rceptible  to  us,  but  small 
flowers,  like  the  mignonette,  and  night-blooming  ernes,  like  the 
white  tobacco  an<l  the  evening  ])rimrose,  are  sweet-scented  to 
attract  night-flying  moths.  It  is  interesting  to  observe  t 
the  majority  of  the  flowers  which  bloom  at  night  are  white 
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yellow,  and  that  they  are  much  more  generally  sweet-scented 
than  flowers  which  bloom  during  the  day.  Many  are  odorous 
during  only  a  few  hours  of  the  twenty-four,  just  at  the  time 
when  the  special  insects  which  pollinate  them  are  on  the  wing. 
A  few  flowers  (purplish,  brownish,  or  greenish  colored)  are  car- 
rion-scented and  attract  flies. 

400.  Colors  of  flowers.  Flowers  which  are  of  any  other  color 
than  green  probably  in  most  cases  display  their  colors  to  attract 
insects,  or  occasionally  birds.  The  principal  color  of  the  flower 
is  most  frequently  due  to  showy  petals;  sometimes,  as  in  the 
anemone  and  marsh  marigold,  it  belongs  to  the  sepals ;  and  not 
infrequently,  as  in  some  cornels  (Frontispiece)  and  Euphorbias 
(Fig.  318),  the  involucre  is  more  brilliant  and  conspicuous  than 
any  part  of  the  flower  strictly  so  called.  In  the  willows  and 
chestnuts  the  stamens  are  the  conspicuous  parts. 

Different  kinds  of  insects  appear  to  be  especially  attracted 
by  different  colors.  In  general,  dull  yellow,  brownish,  or  dark 
purple  flowers,  esi)ecially  if  small,  seem  to  depend  largely  on 
the  visits  of  flies,  lied,  violet,  and  blue  are  the  colors  by  v/hich 
bees  and  ])utterflies  are  most  readily  enticed.  The  power  of 
bees  to  distinguish  colors  has  l)een  shown  by  a  most  interesting 
set  of  ex{)tuinients  in  which  daubs  of  honey  were  put  on  slips 
of  glass  laid  on  separate  pieces  of  jmper,  each  of  a  different 
color,  and  exiM)sed  where  l)ees  would  find  them.^ 

It  is  certain,  however,  that  colors  are  less  important  means 
of  attraction  than  odors  from  the  fact  that  insects  are  extremely 
near-sighted.  Hutterllies  and  moths  cannot  see  distinctly  at  a 
distance  of  more  than  about  five  feet,  1»ees  and  wasps  at  more 
than  two  feet,  and  flies  at  more  than  two  and  a  fourth  feet. 
Probably  no  insects  can  make  out  ol>jects  clearly  more  than 
six  feet  away.^  Yet  it  is  quite  possil^le  that  their  attention  is 
attracted  by  colors  at  distances  greater  than  those  mentioned. 

1  See  Lubbock,  Flowers,  Fruits,  and  Leaves,  Chapter  i.  On  the  peneral 
subject  of  coloi-s  and  odoi-s  in  relation  to  insects,  see  P.  Knuth,  Ifandburh 
der  BlUthenbiologie.  ^  ^^.^^  Packanl,  Text-Book  of  Entomology,  p.  200. 
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401.  Facilities  for  insect  visits.    Eegular  flowers  with  radial 
symmetry  usually  have  no  special  adaptations  to  make  them 
singly  accessible  to  insects,  but  lie  open  to  all  comers.    They 
do,  however,  make  themselves  much  more  attractive  and  afford 
especial  inducements  in  the  matter  of  saving  time  to  flower- 
frequenting  insects  by  being  grouped.    Tliis  purpose  is  undoubt- 
edly served  by  dense  flow^er  clusters,  such  as  those  of  the  lilac, 
the  phlox,  and  the  elder,  and  especially  by  heads  like  those  of 
the  button  bush  {Cephalanthus)  and  by  the  peculiar  form  of 
head  found  in  so-called  composite  flowers,  like  the  sunflower, 
the  bachelor's  button,  and  the  yarrow 
(Fig.  144).    In  many  such  clusters  the 
flowers  are  sj)ecialized,  some  carrying 
a  showy  strai)-shai)ed  corolla,  to  serve 
as  an  advertisement  of  the  nectar  and 
pollen  contained  in  the  inconspicuous 
tubular  flowers.    Flowers  with  bilateral 
symmetry  probably  always  are  more 
or  less  adapted  to  particular  insect  (or 
other)   visiters.     The   adaptations   are 
extremely  numerous ;  here  only  a  very 
few  of  the  simpler  ones  will  be  pointed 
out.    Wiere  there  is  a  drooping  lower 
petal  or,  in   the   case  of  a  sympetalous  corolla,  a  lower  lip, 
this  serves  as  a  perch  uikui  which  flying  insects  may  alight  and 
stand  while  they  exjJore  the  flower,  as  the  beetle  is  doing  in 
Fig.  324.    In   Fig.  325   one  bumblebee  stands  with  her  legs 
partially  encircling  the  lower  lij)  of  the  dead-nettle  flower,  while 
another  perches  on  the  sort  of  grating  made  by  the  stamens 
of  the  horse-chestnut  flower.     The  honeyl)ee  entering  the  vi 
clings  to  the  l^eautifuUy  l)earded  portion  of  the  two  \k 
petals,  while  she  sucks  the  nectar  from  the  spur  benea' 
bilaterally  symmetrical  flowers  seem  to  be  specially  ada 
compel    visiting   insects   to   enter   them  in  the  beat 
secure  transference  of  pollen. 


FiG.  824.   A  beetle  on  the 
flower  of  the  twayblade 

Sli^jhtly  enlar^jed.  — After 
Behreiis 
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402.  Protection  of  pollen  from  unwelcome  visitors.   It  is 

usually  desirable  for  the  flower  to  prevent  the  entrance  of 
small  creeping  insects,  such  as  ants,  which  carry  little  pollen 
and  eat  a  relatively  large  amount  of  it  The  means  adopted  to 
secure  this  result  are  many  and  curious.  In  some  plants,  as 
the  common  catchfly,  there  is  a  sticky  ring  about  the  peduncle, 
some  distance  below  the  flowers,  and  this  forms  an  effectual 
barrier  against  ants  and  like  insects.    In  a  few  plants,  as  the 


^ 


Fig.  325.   Bees  visiting  flowers 

At  the  left,  a  bumblebee  on  the  flower  of  the  dead  nettle;  below,  a  similar  bee  in 
the  flower  of  the  horse-chestnut ;  above,  a  honeybee  in  the  flower  of  a  violet. 
Modified.  —  After  Behreus 

teasel  and  the  cup  plant  {Silphium  pcrfoliatum)^  rain  water  col- 
lects at  the  junctions  of  the  leaves  with  the  stem  and  forms 
an  effectual  barrier  against  creeping  insects.  Very  frequently 
the  calyx  tube  is  covered  with  hairs,  which  are  sometimes 
sticky.  How  these  thickets  of  hairs  may  appear  to  a  small 
insect  can  perhaps  be  realized  from  Fig.  326.^ 

1  On  protection  of  pollen,  see  Kerner  and  Oliver,  Natural  History  of 
Plants,  Vol.  II,  pp.  05-101). 
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Sometimes  the  recurved  petals  or  divisions  of  the  corolla 
stand  in  the  way  of  creeping  insects.    In  other  cases  the  throat 


Fig.  320.   Branching  hairs  from  the  outside  of  the  corolla  of  the 
common  mullein 

Magnified.  —  After  Tschirch 

of  the  corolla  is  much  narrowed  or  closed  by  hairs,  or  by  ap- 
pendages. Those  flowers  which  have  one  or  more  sepals  or 
petals  prolonged  into  spurs,  like  the  nasturtium  and  the  colum- 
bine, are  inaccessible  to  most  insects  except  those  which  have 


Fig.  327.    A  Hphinx  moth,  with  a  long  socU 

a  tongue  or  a  sucking  tube  long  enough  to 
at  the  bottom  of  the  spur.    The  large  8 
Fig.  327,  which  is  a  common  visitor  to 
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evening  primrose,  is  an  example  of  an  insect  especially  adapted 
to  reach  deep  into  long  tubiilar  flowers. 

A  little  search  among  flowers,  such  as  those  of  the  columbine 
and  the  foxglove,  will  usually  disclose  many  which  have  had  the 
corolla  bitten  through  by  bees  which  are  unable  (or  unwilling 
to  take  the  trouble)  to  get  at  the  nectar  by  fair  means,  and 
which  therefore  steal  it 

403.  Bird-pollinated  flowers.  Some  flowers  with  very  long 
tubular  corollas  depend  entirely  upon  birds  to  carry  their  pollen 
for  theoi.  Among  garden  flowers  the  gladiolus,  the  scarlet  salvia, 
the  canna,  and  the  trumpet  honeysuckle  are  largely  dependent 
upon  humming  birds  for  their  pollination.  The  wild  balsam, 
or  jewelweed,  the  swamp  thistle,  and  the  trumpet  creeper  are 
also  favorite  flowers  of  the  humming  bird. 

404.  Prevention  of  self  pollination.  Dioecious  flowers  are, 
of  course,  quite  incapable  of  self  pollination.  Pistillate  monoe- 
cious flowers  may  be  polUnated  by  staminate  ones  on  the  same 
plant,  but  this  does  not  secure  as  good  seed  as  is  secured  by 
having  pollen  brought  to  the  pistil  from  a  different  plant  of  the 
same  kind. 

In  perfect  flowers  self  pollination  would  commonly  occur  un- 
less it  were  prevented  by  the  action  of  the  essential  organs 
or  by  something  in  the  structure  of  the  flower.  In  reality, 
many  flowers  which  at  first  sight  would  appear  to  be  designed 
to  secure  self  pollination  are  almost  or  quite  incapable  of  it. 
Frequently  the  pollen  from  another  plant  of  the  same  species 
prevails  over  that  which  the  flower  may  shed  on  its  own  pistil, 
so  that  when  both  kinds  are  placed  on  the  stigma  at  the  same 
time  it  is  the  foreign  pollen  which  causes  fertilization.  But 
apart  from  this  fact  there  are  several  means  of  insuring  the 
presence  of  foreign  pollen,  and  only  that,  upon  the  stigma,  just 
when  it  is  mature  enough  to  receive  pollen  tubes. 

405.  Stamens  and  pistils  maturing  at  different  times.  If 
the  stamens  mature  at  a  different  time  from  the  pistils,  self 
pollination  is  as  effectually  prevented  as  though  the  plant  were 
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dioecious.  This  unequal  ma- 
turing, or  dichogamy,  occurs 
in  many  kinds  of  flowers.  In 
some,  the  figwort  and  the  com- 
mon plantain  for  example,  the 
pistil  develops  before  the  sta- 
mens, but  usually  the  reverse 
is  the  casa  The  ClerodeTidron} 
a  tropical  African  flower  (Fig. 
328),  illustrates  in  a  most 
striking  way  the  development 
of  stameps  before  the  pistil. 
The  insect  visitor,  on  its  way 
to  the  nectary,  can  hardly  fail 
to  brush  against  the  protrud- 
ing stamens  of  the  flower  in 
its  earliet  stage,  A,  but  it  can- 
not deposit  any  pollen  on  the 
stigmas,  which  are  imma- 
ture, shut  together,  and  tucked  aside  out  of  reach.  On  flying 
to  a  flower  in  the  later  stage  the  pollen  just  acquired  will  be 


Fio.  328.  Flower  of  Clerodendron 
in  two  stages 

In  A  (earlier  stage)  the  stamens  are  ma- 
ture, while  the  pistil  is  still  undeveloped 
and  bent  to  one  side.  In  B  (later  stage) 
the  stamens  have  withered,  and  the 
stigmas  have  separated,  ready  for  the 
reception  of  pollen.  —  After  Gray 


An  a  D 

Fig.  820.    Provisions  for  cross  pollination  in  the  high  mallow 

At  essential  organs  as  found  in  the  bud ;  /?,  same  in  the  staminate  stage,  the 
anthers  discharging  i)ol]on,  pistils  immature;  (\  intermediate  stage  {^tig^  the 
united  stigmas) ;  />,  pistillate  stage,  tlie  stigmas  sei>arated,  stamens  withered, 
—  After  Muller 

^  C.  Thojtipsonicc. 
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lodged  on  the  promment  stigimis  and  thus  produce  the  desired 

cross  pollinatiniu 

Closely  related  flowers  often  dlfler  in  their  plan  of  ixillinatioiL 

The  high  mallow  (a  plant  cultivated  for  its  purplish  flowers), 
wliieh  has  nm  wild  to  some  extent,  is  ad- 
mirably adapted  to  a«eure  cross  pollinatioE, 
shice  when  its  stamens  are  shedLUnj,^  ijollen^ 
as  in  Fig.  32?),  ^,  the  pistils  are  iDea|>ahle  of 
receiving  it,  while  when  the  pistils  are  nia- 
tmti,  as  in  A  tht;  stamens  are  f|uile  withered* 
In  the  common  low  mallow  of  our  door^ 

Fiii.  asch   s  la  me  lift  yj^p^lg  ^^^l  waysides  inseot  iKjllination  may 

leufed  mallaw  occur,  buL  if  it  does  not,  the  curling  sti|^Mnas 

Th.  .tiema«  euri.d  *i"^%  ^™*^  "^  "^^^  "^'^^  ^he  projecting 
mil  net  amimg  tJn?  sui-  gtanienfl  and  receive  pollen  from  them,  as  is 

jjieiv^  to  aflmit  of  Hdf 


imllinaticjQHi 
MiilJer 


'After 


indicated  in  Fil'.  330. 


406*  Movements  of  floral  organs  to  aid  in 
pollination.  Besideg  the  alow  nu*vementfi  wliith  the  stamens 
and  pistil  make  in  such  cases  as  those  of  the  Clerodciidron  and 


Fig.  331.    Two  flowers  of  common  sage,  one  of  them  visited  by  a  bee 
After  Lubbock 

the  mallow,  already  descrihed,  the  parts  of  the  flower  often 
admit  of  considerahle  and  rather  quick  movements  that  assist 
the  in.sect  visitor  to  hecome  dusted  or  smeared  with  pollen. 
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In  some  flowers  whose  stamens  perform  rapid  movements 
when  an  insect  enters,  it  is  easy  to  see  how  directly  useful  the 
motion  of  the  stamens  is  in  securing  cross  pollination.  The 
stamens  of  the  laurel  (Kalmia)  are  held  in  a  bent  position  by 
the  expanded  corolla,  and  when  liberated  by  a  touch  throw  little 
masses  of  pollen,  with  a  quick  jerk,  against  the  body  of  the 
visiting  insect.  Barberry  flowers  have  filaments  which  are  sen- 
sitive on  the  inner  side  near  the  base,  and  when  touched  make 
the  anther  spring  up  against  the  visitor  and  dust  him  with 
pollen.  The  common  garden  sage  matures  its  anthers  earlier 
than  its  stigmas.  In  Fig.  331,^4,  the  young  flower  is  seen,  vis- 
ited by  a  bee,  and  one  anther, 
fi«'  an,  is  shown  pressed  closely 
against  the  side  of  the  bee's 
{iMomen.   The  stigma,  st,  is 


Fig.  332.   Flower  iiiul  stamens  of  common  sage 

A,  p,  stignia;  a,  anthers.  B,  the  two  stamens  in  ordinary  position ;  /,  filaments; 
m,  ronneotive  (joining  anther  cells) ;  ci,  r/,  anther  cells.  (',  the  anthers  and 
conmrtives  bent  into  a  horizontal  position  by  an  insect  pushing  against  a.— 
After  Lubbock. 

hidden  within  the  upper  lip  of  the  corolla.    In  Ji,  an  older 
flower,  the  anthers  have  withered  and  the  stigma  is  now  low- 
ered so  as  to  brush  against  the  body  of  any  bee  which  may 
enter.    A  little  study  of  Fig.  332  will  make  clear  the  way 
in  which  the  anthers  are  hinged,  so  that  a  bee  strikiDg 
empty  or  barren    anther  lol)es,  a,  knocks  the  pol 
lobes,  a',  into  a  horizontal  position,  so  that  they  will 
pressed  against  both  sides  of  its  alnlomen.    Many  8 
those  of  caUUpa  and  trumpet  creeper,  close  aa  m 
are  pollinated. 
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407.  Flowers  with  stamens  and  pistils  each  of  two  Iragths. 

The  flowers  of  bluets,  partridge  berry,  the  primroses,  and  a  few 
other  common  plants  secure  cross  pollination  by  having  stamens 
and  pistils  of  two  forms  (Fig.  333).  Such  flowers  are  said  to  be 
dimorphoiis  (of  two  forms).  In  the  short-styled  flowers,  B,  the 
anthers  are  borne  at  the  top  of  the  corolla  tube  and  the  stigma 
stands  about  halfway  up  the  tube.  In  the  long-styled  flowers, 
A,  the  stigma  is  at  the  top  of  the  tube  and  the  anthers  are  borne 

about  halfway  up.  An  insect 
pressing  its  head  into  the  throat 
of  the  corolla  of  B  would  be- 
come dusted  with  pollen,  which 
would  be  brushed  off  on  the 
stigma  of  a  flower  like  ul.  On 
leaving  a  long-styled  flower  the 
bee's  tongue  would  be  dusted 
over  with  pollen,  some  of  which 
might  readily  be  rubbed  off  on 
the  stigma  of  the  next  shorts 
styled  flower  that  was  visited. 
Cross  pollination  is  insured, 
since  all  the  flowers  on  a  plant 
are  of  one  kind,  either  long- 
styled  or  short-styled,  and  since 
the  pollen  is  of  two  sorts,  each 
any  flower  of  similar  form  to 


Dimorphous  flowers  of 
tlie  primrose 

a  long-styled  flower;    B,  a  short- 
styled  one.  —  After  Frank 


kind  sterile  on  the  stigma  of 
that  from  which  it  came. 

Trimorphous  flowers,  with  long,  medium,  and  short  styles, 
are  found  in  a  species  of  loosestrife  and  in  the  pickerel  weed 
{Pontederia). 

408.  Cleistogamous  flowers.  In  marked  contrast  with  such 
flowers  as  those  discussed  in  the  preceding  sections,  wliich  bid 
for  insect  visitors  or  expose  their  pollen  to  be  blown  about 
by  the  wind,  are  certain  flowers  which  remain  closed  even 
during  the  pollination  of  the  stigma.    These  flowers  are  called 
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cleistogamous  (meaning  with  shut-in  fertilization)  and  are  of 
course  not  cross-pollinated.  Usually  they  occur  on  plants  which 
also  bear  flowers  adapted  for  cross  pollination,  and  in  this  case 
the  closed  flowers  are  much  less  conspicuous  than  the  others,  yet 


Fig.  334.  A  violet,  with  clcistogamoiis  flowers 

The  structureM  which  look  like  flower  hiids  are  cleisi 
stages  of  development.    The  pods  are  the  fruit  of  «•-' 
is  representee!  as  it  api)ears  in  late  July  or  A 
have  disappeared 
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they  produce  much  seeiL   Every  one  knows  the  onlinary  flowers ' 
of  the  violet,  but  must  people  do  nut  kntiw  thnt  vkilets  very  gen- 
erally^ nfter  Lhe  blussuiiiing   iseasun  (uf  their  shuwy  flowers)  is 
over,  produce  many  cleistogaiaoua  flowers,  aa  ehowii  in  Fig.  334. 
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Fig,  385*  Pmt^ection  of  pollen  from  moisture 

ki  the  lift  herb  Rol>ert  aiid  swtfit  sinUidui*  in  stumy  wea^tiier;  at  the  rigUt  ihd 
»mn^  llowpre  ihiring  rain.  —  Aft**r  Kerwer 

409,  Protection  of  pollen  from  rain,  rullen  is  very  generally 
jjfotected  fron^  ^wing  soaked  ami  siioiled  by  min  or  dew  by  the 
nattiral  position  of  the  Bower,  which  prevents  rain  from  entering, 
as  in  the  case  of  most  sympetalous,  nodding  flowers,  such  as  the 
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lily  of  the  valley  and  the  flowers  of  the  blueberry,  huckleberry, 
wintergreen,  and  a  multitude  of  others.  Often,  in  two-lipped 
flowers,  the  anthers  are  more  or  less  completely  covered  by 
the  upper  lip  (Fig.  33 1).  In  the  salver-shaped  flowers,  such  as 
those  of  phlox,  the  mouth  of  the  corolla  tube  is  often  so  narrow 
that  no  rain  or  dew  can  enter  it.  Many  corollas  of  the  same 
general  type  as  that  of  the  sweet  pea  (Fig.  126)  have  the  stamens 
covered  by  certain  jn^tals.  A  large  number  of  flowers,  such  as 
the  crocus,  rose,  pond  lily,  magnolia,  and  many  heads,  such  as 
those  of  the  dandelion,  the  chicory,  and  the  hawkweed,  close  in 
wet  weather  and  open  in  the  sunshine.  Sometimes  the  flower 
both  changes  its  position  and  closes,  as  is  the  case  with  the 
common  cranesbill,  the  herb  Robert,  and  the  sweet  scabious 
(Fig.  335).  In  the  linden  and  the  jewelweed  the  flowers  are 
covered  by  the  foliage  leaves  of  the  plant  so  that  rain  can  hardly 
ever  enter  them. 


CHAPTER  XXXIII 

HOW  PLANTS  ARE  SCATTERED  AND  PROPAGATED 

410.  Dispersal  of  plants  by  roots  and  rootstocks.  Some 
of  the  highest  spore  plants,  as  the  ferns,  spread  freely  hj  means 
of  their  creeping  rootstocks,  and  the  gardener  who  wishes 
to  get  large  strong  ferns  quickly  often  finds  it  the  easiest  plan 


Fio-  im.   I'Unt   of    a    blatk 

branch  («/o(f(>/i)  wilhhcv L-ni I    and   be<^ms   a  iiew 

^^l'«  ^'^^^'^"»"  plant.    The  student  has  learned  (in 

After  Beai  Chapters  IV   and  vi)  that  roots  and 

underground  stems  of  many  kinds  may  serve  to  reproduce 
the  plant.  Either  roots  or  rootstocks  may  travel  considerable 
distances  horizontally  in  the  course  of  their  growth  and  then 
shoot  up  and  produce  a  new  plant,  which  later  becomes  in- 
dependent of  the  parent.  The  sedges  (Fig.  44)  are  excellent 
illustrations  of  this  process,  and  trees  like  the  common  locust 
and  the  silver-leaf  poplar  become  great  nuisances  in  the 
neighborhood  of  lawns  and  gardens  by  sending  up  sprouts 
in    many   places.    When    growing   wild,  such   trees   as  these 
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depend   largely  upon   propagating   by  the   roots  to  keep  up 
their 'numbers.^ 

411.  Dispersal  oi  seed  plants  by  branches.  There  is  a  shrub 
of  the  honeysuckle  family ,2  common  in  the  northern  woods, 
which  is  quite  generally  known  as  hobblebush,  or  witch-hobble, 
and  sometimes  as  trip-toe.  This  is  because  the  branches  take 
root  at  the  end  and  so  form  loops  which  catch  the  foot  of  the 
passer-by.  The  same  habit  of  growth  is 
found  in  the  raspberry  bush  (Fig.  336),  in 
one  species  of  strawberry  bush  (Utwni/rmis), 
and  in  some  other  shrubs. 
Many  herbs,  like  the 
strawberry  plant  and  the 
cinquefoil,  send  out  long 
leafless  runners  which 
root  at  intervals  and  so 
propagate  the  plant,  carry- 
ing the  younger  individ- 
uals off  to  a  considerable 
distance  from  the  parent. 

Living  branches  may 
drop  freely  from  the  tree  and  then  take  root  and  grow,  after 
having  teen  blown,  or  carried  by  a  brook  or  river,  to  a  favor- 
able spot,  perhaps  hundreds  of  yards  away.  The  so-called  snap 
willows  lose  many  live  twigs  under  conditions  suitable  for  start- 
ing new  trees. 

A  slightly  different  mode  of  disjxirsal  from  that  of  the  rasj)- 
berry  is  one  in  which  buds  separate  from  the  pLant  and  serve 
to  propagate  it.  In  the  bladderwort  (Fig.  337),  at  the  close  of 
the  growing  season,  the  terminal  buds  are  released  by  the  decay 
of  the  stem  and  sink  to  the  bottom  of  the  water  in  which  the 
plants  live,  there  to  remain  dormant  until  s])ring.  Then  each 
bud  starts  into  life  and  gives  rise  to  a  new  individual. 

1  See  Beal,  Seed  Dispersal^  Chapters  11  and  in. 
•  Fi&ttmtt?n  lantanoides. 


Fio.  337.   A  free  branch  and  two  buds 
of  bladderwort 

After  Beal 
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412*  Dispersal  of  seed  plants  by  bulblets.  Almost  eveiy 
farmer's  \my  know.^  wliat  '*  uniou  seta  '*  aie.  This  name  is  often 
given  to  little  bulbs  produced  at  the  top  of  a  nRked  fluw(L*r  stalk, 
or  scape,  by  some  kinds  of  onions  which  do  not  nauallj  Mower 
or  bear  seed.  Tiger  lilies  produce  somewhat  siuular  bulblets  in 
the  axils  of  the  leaves,  and  there  is  a  large  number  of  species, 


■^ 


^ 


Fio.  338.   FnxM  of  *smolce  tret?  (Rhus  CotlmM} 

Only  one  pedicel  beara  a  Iruit,  all  tlie  others  are  sterile,  brftnclied^  and  covered 
with  i>lmny  hairs 

scattered  among  numerous  families  of  plants,  all  characterized 
by  the  habit  of  producing  bulblets  or  fleshy  buds,  Imrne  on  the 
stems  or  leaves  above  ground  and  of  use  in  projmgation.  W\\&u 
mature  the  bulblets  fall  off  readily,  and  if  they  find  lodgment 
on  unoccupied  soil  they  grow  readily  into  new  plants.  Some- 
times they  are  carried  moderate  distances  by  wind  or  water, 


417.  MLTT-sstiQsc  pods  vni   smtl    i»> 
l:iy. ii.-ii.-:. ...    »_  ;?■■.     .;;.:..  n...  ...  _. 
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Ocean  currents  furnish  transportation  for  the  longest  journeys 
that  are  made  by  floatmg  seeds.  It  is  a  well-known  &ct  that 
cocoa  palms  are  among  the  first  plants  to  spring  up  on  newly 
formed  coral  islands.  The  nuts  from  which  these  palms  grew 
may  readily  have  floated  a  thousand  miles  or  more  without 

injury.  On  examining  a  cocoar 
nut  with  the  fibrous  husk  at- 
tached, just  as  it  falls  from  the 
tree,  it  is  easy  to  see  how  well 
this  fruit  is  adapted  for  trans- 
portation by  water.  There  are 
altogether  about  a  hundred 
drifting  fruits  known,  one  (the 
Maldive  nut)  reaching  a  weight 
of  twenty  to  twenty-five 
pounds. 

419.  Burs.  A  large  class  of 
fruits  is  characterized  by  the 
presence  of  hooks  on  the  outer 
surface.  These  are  sometimes 
outgrowths  from  the  ovary,  or 
the  style  (as  in  avens),  some- 
times from  the  calyx,  some- 
times from  an  involucre.  Tlieir 
ofiiee  is  to  attach  the  fruit  to 
the  hair  or  fur  of  passing  ani- 
mals. Often,  as  in  sticktights 
(Fig.  344  A,  B),  the  hooks  are 
comparatively  weak,  but  in 
other  cases,  as  in  tlie  cocklebur  (Fig.  344  /)),  and  still  more  in 
the  Martynia  (the  fruit  of  which  in  the  green  condition  is  much 
used  for  pickles),  the  hooks  are  exceedingly  strong.  Cockleburs 
can  hardly  he  removed  from  the  tails  of  horses  and  cattle,  into 
which  they  have  become  matted,  without  cutting  out  all  the 
hairs  to  which  they  are  fastened. 


Fig.  342.   ranicle  ol  tickle  grass,  a 
common  tumbleweed 

After  Host 
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A  curious  case  of  distribution  of  this  kind  occurred  in  the 
island  of  Temate,  in  the  Malay  Archipelago.    A  buffalo  with  his 


Fig.  343.  Three  fruits  adapted  for  dispersal  by  the  shaking  action  of 

the  wind 

Af  celandine;  7/,  pea;  f\  jimson  weed  (Datwa).  —  After  Decaisne 


t>^ 


c 


Fio.344.   Burs 

A,  sticktights;  B,  sticktights,  two  segments  (magnified) ;  C,  burdock; 
IJ,  cockleburs.  —  After  Kemer 


hair  stuck  full  "»f  {he  needle-Ukfi  truits  of  a  grass*  was  sent  as 
a  present  to  the  su-ijalled  king  of  Teraate.  Scattered  froiti  the 
hair  of  this  single  atiijual,  the  gi'asa  buod  spreiid  over  the  whole 
iglaiid. 

420.  Uses  of  stone  fruits  and  fleshy  fruits  to  the  plant. 
Besides  the  thy  fruits,  o(  wlnrh  8omt?  of  the  piiniui*£il  kinds 
have  been  mentioned,  there  are  many  kinds  of  stom  fruits  and 


Fig.  .345.   Barbs  and  hooks  of  bure 

A,  barbed  points  from  fruit  of  begtjar's  ticks,  x  11;  B,  hook  of  cocklebur,  x  11; 
C\  beggar's  ticks  fruit  (natural  size) ;  />,  cocklebur  hook  (natural  size) 

other  fleshy  fruits.  (3f  these  the  great  majority  are  eatable  by 
man  or  some  of  the  lower  animals,  and  oftentimes  the  amount 
of  sugar  and  other  food  material  which  they  contain  is  ver}' 
considerable.  It  is  a  well-recognized  principle  of  botany  that 
plants  do  not  make  unrewarded  outlays  for  the  benefit  of  other 
species.    Evidently  the  pulp  of  fruits  is  not  to  be  consumed  or 

^ Andropogon  acicularis. 
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used  as  food  by  the  plant  itself  or,  in  general,  by  its 
There  are,  therefore,  several  points  to  be  explained  on  the  basis 
of  possible  advantages  to  the  plant.    These  are: 

1.  The  eatable  nature  of  the  pulp  of  many  fruits. 

2.  The  bitter  or  other  unpleasant  taste  of  many  seeds,  as 
those  of  the  orange  and  lemon. 

3.  The  hardness  or  toughness  of  many  seeds  of  pulpy  fruits, 
as  the  date  and  the  peach. 

4.  Tlie  small  size  and  indigestibility  of  seeds  of  pulpy  fruits, 
as  the  fig  and  the  raspberry. 

A  little  observation  in  the  field  suffices  to  show  that  most 
pulpy  fruits  are  habitually  eaten  by  birds  or  other  animals  large 
enough  to  carry  them  away  from  the  parent  plant.  Seeds  of 
disagreeable  flavor,  and  very  large 
hard  seeds  are  often  avoided  by  the 
animal  in  eating  the  fruit  which 
contains  them.  Small  hard  seeds 
are  commonly  swallowed  whole  and 
fretjuently  remain  nearly  unacted 
u}H)n  l)y  the  digestive  fluids,  so  that 
they  traverse  the  digestive  tract  of 
tlie  fruit-eating  animal  which  swal- 
lowed them  and  remain  perfectly 
capable  of  germination.  In  this  way 
such  instances  of  dissemination  as 
those  of  tlie  raspberry  (Fig.  346)  and 
the  red  cedars  (Fig.  347)  are  readily 
explained. 

421.  Seed  carrying  purposely 
done  by  animals.  In  the  cases  re- 
ferred to  in  the  preceding  sections,  animals  have  been  seen  to 
act  as  unconscious  or  even  unwilling  seed  carriers.  S(jmetimes, 
however,  they  carry  off  seeds  with  tlie  plan  of  storing  them  for 
fwxl  Ants  drag  away  with  them  to  their  nests  certain  seeds 
which  have  fleshy  growths  on  their  outer  surfaces.    Afterwards 


t^ 


Vtii.  lim,   Hi^d  mwp- 
of  v^  m»plB 


CHAPTER  XXXIV 

SOCIAL  HABITS  OF  PLANTS;  COMPETITION  AND  INVASION 

,  422.  Social  habits.  Those  plants  which  live  associated  with 
many  individuals  of  the  same  species  are  called  social  plants. 
Those  kinds  which  are  not  social  usually  occur  as  members  of 
plant  communities y  or  assemblages  of  two  or  more  species.  The 
vegetation  of  the  earth  mainly  consists  of  such  assemblages,  and 
the  total  number  of  solitary  plants  is  comparatively  small. 

Adult  seed  plants  are  usually  incapable  of  locomotion,  and 
only  a  small  proportion  of  all  the  kinds  of  seeds  (though  a  some- 
what larger  proportion  of  fruits)  is  equipped  with  means  for 
carrying  them  on  long  journeys.  It  is  therefore  natural  that 
the  offspring  of  any  plant  or  plant  community  should  generally 
be  found  near  the  parent  plants.  It  is  not  easy  to  trace  the 
working  of  this  gradual  spread  of  the  successive  broods  in 
the  neighborhood  of  the  parents  where  there  is  already  dense^ 
vegetation.  But  in  any  region  where  there  are  considerable  areas 
destitute  of  any  given  vegetation  form,  as  in  cleared  land,  the 
young  seedlings  of  an  oak,  a  hickory,  or  a  ])lack  walnut  may 
often  be  detected  in  many  places  near  the  ])arent  tree. 

423.  Competition.  PLvery  one  knows,  in  a  general  way,  that 
in  a  state  of  nature  plants  often  greatly  crowd  each  other.  This 
is  evident  enough  from  mere  ins])ection  of  most  meadows, 
thickets,  or  tracts  of  W(MKlland  or  wa.ste  land  ;  but  in  order  to 
realize  how  few  of  all  the  ])idders  for  each  square  foot  of  ground 
actually  find  a  chance  to  occupy  it,  a  little  calculation  is  needed. 
A  single  annual  seed  plant  usually  matures  hundreds  and  often 
thousands  of  seeds.  One  common  weed  of  the  Middle  West,  the 
Russian  thistle^  (Fig.  340),  often  prcKluces  as  many  as  25,000 

1  ScUsola  Kali  var.  Tragus. 
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fteetls  and  rvofujut^s  as  njuch  tus  four  sriuai^  feet  of  earth.  The 
offspring  oi  an  uiiiividiial  of  this  spticies,  therefore,  if  all  tlie  seeds 
^rew  to  mature  phmts,  would  cover  nearly  2.3  acn^a  It  may 
int-erest  the  student  to  calculate  in  what  genemtion  the  descend- 
ants of  <  ine  |4ant  wrmld  Lvover  the  entire  are^i  of  his  state. 

4SJ4,  Statistics  of  overcrowding*  Charles  Darwin  seems  to 
have  heen  one  of  the  earliest  olBervera,  if  not-  the  very  first,  to 
et>nBct  exact  statistics  in  regard  to  the  severity  of  competition 
among  plants.  He  found  that  out  of  20  sy>ecies  which  occurred 
on  a  plot  of  turf  three  by  four  feet  in  area  nine  specias  died 
from  overcrowciing  hy  the  others.  On  a  piece  of  dug  and  cleared 
ground  he  fianid  that  00  weed  seedlings  Ui  the  square  foot 
spiung  up  and  49  t^f  them  were  destroyed,  chiefly  hy  slugs 
and  insticts.^ 

In  a  rich  wnd  weedy  hit  nf  land  Professor  L,  H,  Biiiley 
found  in  an  area  uf  twenty  h}^  twenty  square  inches  ten  spe- 
cieR  of  weeds.  Eeducsed  to  the  number  per  se^uare  foot,  there 
were  :  July  1  D.  -^0  ]»lants:  August  13,  31  phmts  ;  Sepknnlier  25, 
25  plants.  Several  of  these  were  large  weeds,  such  as  the 
redroot  {Amarantus  retroflexus)  and  the  ragweed  (Ambrosia 
a  rt  €7)1  isia'/olia ) . 

On  June  23  of  the  next  year  there  were  on  the  same  plot 
(which  had  remained  undisturbed)  eleven  species,  numbering 
108  plants  to  the  square  foot,  and  now  the  dominant  plants 
w^ere  red  clovers.  Most  of  the  other  plants  w^ere  puny  and 
suffering  from  lack  of  light  under  the  shade  of  the  clovers.^ 

If  one  selects  a  plot  in  which  seedlings  are  just  starting,  the 
number  of  individuals  to  the  square  foot  will  often  be  found  to 
be  much  greater  than  those  above  given.  Under  a  full-grown 
tree  of  the  wild  black  cherry  the  writer  has  found  on  June  9 
portions  of  the  ground  containing  hardly  any  other  seed  plants 
except  cherry  seedlings  at  the  rate  of  104  to  the  square  foot. 
Not  one  of  all  the  thousands  which  had  begun  to  grow  could 

1  Origin  of  Species^  Chapter  ni. 

2  The  Survival  of  the  Unlike,  pp.  258-261. 
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ever  have  developed  into  a  full-sized  individual  on  account  of 
the  overshadowing  from  the  parent  tree 

In  a  weedy  bit  of  lawn,  where  the  gra.ss  had  largely  been 
killed  by  trampling  and  other  disturbing  causes,  the  writer 
found  on  June  9  plants  at  the  rate  of  1032  to  tlie  square 
foot  as  follows: 

Plantain  {PlanUujo  Ruf/elii) 811 

(irass  (various  sjHH'ies) 200 

Knotjfniss  (Poii/ffoninu  an'rulan) 18 

Sorrel  (^Oralis  conticuluta  var.  strirfa) 15 

10:}2 


o^ 


Vui.  349.    Effcft  of  coniiM'tition  on  nulishes 

Both  plants  were  prowii  from  tin;  ruiih'  h«m'(I  ami  in  tho  samo  soil,  plantM  at  the 
Bain<»  time.  A  was  oiu?  «)f  h  lot  stamliiii;  so  <']os«'  to;^<»tlii'r  that  th<'ir  tap  roots 
nearly  tonchwl  oik^  another;  //  lia<l  scvfral  sipuiri'  fiTi  of  ^romnl  to  its<?lf. 
About  oniM^nartvr  natural  size 
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The  majority  of  the  grass  plants  were  apparently  seedlings  of 
the  preceding  autumn,  and  the  plantains  were  young  seedlings, 
most  of  them  an  inch  or  less  in  height.  A  full-grown  plantain 
of  this  species  occupies  not  less  than  100  to  150  square  inches, 
so  that  of  these  alone  more  than  800  individuals  were  likely  to 
die  of  overcrowding. 

425.  How  oyercrowding  kills.  Of  plants  grown  too  close 
together  many  die  and  others  are  dwarfed  (Fig.  349)  and  -pai- 
tisdly  or  wholly  fail  to  flower  or  seed.  This  is  one  of  the  first 
lessons  which  the  beginner  in  gardening  learns,  if  he  neglects 
properly  to  thin  out  his  beds.  Com  grown  in  closely  planted 
drills  for  fresh  fodder  or  ensilage  makes  few  ears,  and  none  of 
these  are  perfect.  The  weakening  or  destruction  due  to  over- 
crowding results  mainly  from  these  three  causes^: 

1.  Insufficient  light  and  heat  for  plants  shaded  by  their  more 
vigorous  neighbors,  resulting  in  imperfect  photosynthesia 

2.  Scanty  water  supply,  because  most  of  the  water  is  absorbed 
by  the  more  vigorous  root  systems  of  the  stronger  individuals. 

3.  Deficient  supply  of  dissolved  salts  (nitrates,  phosphates, 
and  so  on),  on  account  of  their  being  largely  consumed  by 
the  stronger  plants. 

426.  Competition  most  fatal  between  similar  plants.  For 
obvious  reasons,  plants  of  the  same  general  form  and  mode  of 
growth  usually  interfere  most  with  each  other,  and  plants  which 
are  decidedly  unlike  interfere  less,  or  even  in  some  cases  benefit 
each  other.  This  principle  is  unconsciously  followed,  in  many 
instances,  by  farmers  and  gardeners,  as  in  the  case  of  lawns 
sown  with  mixed  grass  seed,  which  produce  a  more  perfect  turf 
than  those  sown  with  a  single  species  of  grass.  So,  too,  pumpkins 
are  often  planted  in  cornfields,  and  in  southern  Europe  beans 
are  raised  in  vineyards,  in  the  partial  shade  of  the  vines. 

If  the  interests  of  two  or  more  kinds  of  plants  occupying  the 
same  area  conflict  little  or  not  at  all,  this  may  be  due  not  only 
to  their  unlikeness  of  form  or  of  requirements  as  regards  light, 
1  As  far  «as  terrestrial  seed  plants  are  concenied. 
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heat,  or  water,  but  also  to  their  flowering  and  seeding  at  differ- 
ent seasons.  Many  kinds  of  weeds  flourish  in  grainfields,  mak- 
ing little  growth  until  the  grain  is  reaped,  after  which  they 
develop  rapidly  and  flower  and  seed  among  the  stubble. 

427,  Invasion.  Some  of  the  ways  in  which  plants  are  dis- 
persed have  already  been  described  (Chapter  xxxiii).  The  result 
of  carrying  seeds  or  other  reproductive  parts  into  new  territory 
is  to  cause  an  invasion  of  that  area.  If  the  invaded  ground  con- 
tains no  vegetation,  the  newcomers  take  full  possession.  Such  a 
case  occurs  w  hen  the  bed  of  a  newly  drained  lake  or  bayou,  or 
soil  uncovered  by  landslides,  or  newly  cooled  material  from  vol- 
canic eruptions  is  populated  by  vegetation  brought  in  by  natural 
agencies.  If  the  invading  species  encounter  other  occupants  of 
the  r^ion  invaded,  the  new  arrivals  may  simply  share  the  ter- 
ritory with  its  previous  occupants.  But  if  the  immigrants  are 
much  better  adapted  to  the  conditions  of  existence  in  the  dis- 
puted area  than  are  its  actual  occupants,  the  intruders  may  drive 
out  all  before  them. 

428.  Native  species  ousted  by  invaders.  New  Zealand  and 
the  pampas  of  La  Plata  and  Paraguay,  in  South  America,  have, 
during  the  nineteenth  century,  furnished  wonderful  examples  of 
the  spread  of  Euroi)ean  species  of  plants  over  hundreds  of  thou- 
sands of  square  miles  of  territory.  The  newcomers  were  more 
vigorous,  or  in  some  way  better  adapted  to  get  on  in  the  world, 
than  the  native  plants  which  they  encountered,  and  so  managed 
to  crowd  multitudes  of  the  latter  out  of  existence. 

In  our  own  country  a  noteworthy  case  of  the  kind  has 
occurred  so  recently  that  it  is  of  especial  interest  to  Ameri- 
can botanists.  The  so-called  Russian  thistle  (Fig.  340),  which 
is  merely  a  variety  of  the  saltwort  common  along  the  Atlan- 
tic coast,  was  first  iiitHxluced  into  South  Dakota  in  flaxseed 
brought  from  Russia  and  planted  in  1(S73  or  1874.  In  twenty 
years  from  that  time  the  plant  had  become  generally  distributed 
as  one  of  the  commonest  weeds  over  an  area  of  about  25,000 
square  miles. 
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American  plants,  on  tiie  other  hand,  have  in  many  cases 
overrun  other  countries.  JElodea,  a  common  water  weed  with 
us,  introduced  into  Great  IMtain  about  1847,  now  chokes  up 
many  pools  and  water  courses  in  England  and  Scotland.  The 
prickly  pear  cactus  {Ojntniia  Fictuhindiea)  and  the  century 
plant,  both  emigrants  from  North  America,  are  now  tiiie  most 
ccmspicuous  plants  along  many  cliff  sides  all  over  southern  Italy. 
A  prickly  pear  has  become  sudi  a  nuisance  in  New  South  Wales 
that  large  rewards  are  offered  for  its  extermination. 

429.  Weeds.  Any  flowering  plant  which  is  troublesome  to 
the  farmer  or  gardener  is  commonly  known  as  a  weed.  Though 
such  plants  are*  annoying  from  their  tendency  to  crowd  out 
others  useful  to  man,  they  are  of  extreme  interest  to  ihe  botr 
anist  on  account  of  this  very  hardiness.  The  principal  charac- 
teristics of  the  most  successful  weeds  are  their  ability  to  live 
in  a  variety  of  soils  and  exposures,  their  rapid  growth,  resist- 
ance  to  frost,  drought,  and  dust,  their  unfitness  for  the  food 
of  most  of  the  lari^nM*  animals,  in  many  cases  their  capacity  to 
accomplisli  self  pollination,  in  default  of  cross  pollination,  and 
their  ahility  to  produce  many  seeds  and  to  secure  their  wide 
dispersal. 

Sometimes  the  seeds  liave  great  vitality ;  those  of  shepherd's 
purse  and  purslane  are  capal)le  of  germinating  after  fifteen 
years  or  more.  Many  of  the  worst  weeds,  such  as  sow  thistle,^ 
sorrel,^  witcli  grass,^  nut  grass,*  and  field  garlic,^  liave  creeping 
rootstocks  or  hulbs  or  tubers.  Not  every  weed  combines  all  of 
these  characteristics.  For  instance,  the  velvet  leaf,  or  butter 
print,  common  in  cornfields,  is  very  easily  destroyed  by  frost; 
the  pigweed  and  purslane  are  greedily  eaten  by  pigs,  and  the 
ragweed  by  some  liorSes.  The  horse-radish  does  not  usually  pro- 
duce any  seeds,  but  is  propagated  by  vegetative  methods. 

It  is  a  curious  fact  tliat  many  plants  which  have  finally 
proved  to  be  noxious  weeds  have  been  pur})osely  introduced 
into  the  country.    The  fuller's  teasel,  melilot,  horse-radish,  wild 

1  Sonchus.         2  Uumez.        ^  Agropyrum.        "*  Cyperus.        ^  Alliujn.  • 
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carrot,  wild  parsnip,  tansy,  oxeye  daisy,  and  field  garlic  are 
instances  of  this. 

430,  Origin  of  weeds.^  By  far  the  larger  proportion  of  our 
weeds  are  not  native  to  this  country.  Some  have  been  brought 
from  South  America  and  from  Asia,  but  most  of  the  introduced 
kinds  come  from  Europe.  The  importation  of  various  kinds  of 
grain  and  of  garden  seeds,  mixed  with  seeds  of  European  weeds, 
will  account  for  the  presence  of  many  of  the  latter  among  us. 
Others  have  been  brought  over  in  the  ballast  of  vessels.  Once 
landed,  European  weeds  have  succeeded  in  establishing  them- 
selves in  so  many  cases,  because  they  were  superior  in  vitality 
and  in  their  power  of  reproduction  to  our  native  plants.  This 
may  not  improbably  be  due  to  the  fact  that  the  European  and 
western  Asiatic  vegetation,  much  of  it  consisting  from  very  early 
times  of  plants  growing  in  comparatively  treeless  plains,  has  for 
ages  been  habituated  to  flourish  in  cultivated  ground  and  to 
contend  with  the  crops  which  are  tilled  there. 

1  See  the  article,  **  Pertinacity  and  Predominance  of  Weeds,"  in  Scieidific 
Papers  of  Asa  Gray^  selected  by  C.  S.  Sargent,  Vol.  II,  pp.  284-242. 


CHAPTER  XXXV 
PLANT  SUOCBSSIOHS* 

431.  Nature  of  plant  succesBions.  Whenever  a  portioa  of 
the  earth's  surface  is  stripped  of  its  vegetation,  or  nndeigoeB 
any  decided  change  in  its  physical  condition,  the  way  is  usually 
opened  for  invasion  of  plants  from  the  surrounding  teiritoty 
(Sec.  427).  In  most  cases  the  immigrants  are  not  all  of.ihem 
thoroughly  adapted  to  their  new  home,  and  cannot  become  so; 
or  the  condition  of  the  territory  may  continue  to  dhange^  so 
that  a  series  of  new  populations  appears,  each  in  turn  wholly 
or  partly  giving  way  to  that  which  follows  it.  Such  a  set-  of 
colonizings  is  called  a  plant  succession. 

432.  Causes  of  successions.  It  would  require  too  much 
space  to  state  more  than  a  very  few  of  the  causes  which 
originate  plant  successions. 

First  Tliey  may  be  brought  about  by  the  introduction  into 
a  region  of  new  species  which  are  able,  without  change  of  soil 
or  climate,  to  drive  out  some  or  all  of  the  original  occupants 
(Sec.  428). 

Second.  They  may  be  brought  about  by  clianging  the  supply 
of  light,  heat,  water,  or  other  important  factors  in  the  surround- 
ings of  the  plant.  Such  changes  are  sometimes  na'tural,  some- 
times produced  by  man. 

Such  a  river  as  the  Mississippi,  with  over  12,000  square 
miles  in  its  delta,  affords  a  good  instance  of  the  power  of  natural 
agencies  to  alter  the  conditions  of  plant  life.  Perhaps  one  third 
of  the  delta  is  a  sea  marsh,  with  the  vegetation  characteristic  of 

*  To  THE  Instructor  :  As  this  cliaptor  is  somewhat  more  technical  than 
many  of  tlie  otliers  of  Part  III,  it  may  be  omitted  if  Hmitiitions  of  time 
demand  a  briefer  course. 
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Man  produces  most  extensive  changes  in  vegetation  by  such 
operations  as  draining  lakes  and  swamps,  building  levees,  irrigat- 
ing deserts  and  semi-deserts,  clearing  woodlands,  and  planting 
treeless  lands  with  the  seeds  of  forest  trees. 

433.  Order  of  succession  in  special  cases.  Much  study  has 
recently  been  given  to  the  exact  order  in  which  assemblages  of 
plants  follow  each  other  in  various  kinds  of  succession.  Only 
a  very  few  cases  can  here  be  mentioned. 

On  the  island  of  Krakatoa,  which  was  completely  laid  waste 
by  a  volcanic  eruption  in  1883,  the  first  forms  of  plant  life  to 
appear  were  microscopic  blue-green  algae  (Sees.  207—211).  Three 
years  after  the  eruption  the  flora  had  come  to  contain  many 
ferns,  with  here  and  there  a  few  seed  plants,  on  the  mountains 
or  the  coast. 

In  the  mountains  of  Colorado  the  granite  bowlders  dislodged 
houi  the  faces  of  cliffs  are  covered  first  with  incrusting  lichens; 
then  the  gravel  produced  by  the  weathering  of  the  granite  gives 
a  footin^^  to  leaf-like  lichens;  later  the  more  weathered  gravel 
su})p()rts  a  <^i()\vlh  of  herbaeeous  seed  plants;  afterward  follow 
thickets,  tlien  pine  foi'esls,  and  finally  spruce  forests  (Plate XII). 

In  the  ])ine  woods  ^  of  central  Maine  when  the  trees  have 
luvn  cut  away  and  the  clearing  (as  is  too  often  the  case)  Imrned 
over,  the  most  eons})ieuous  ])lants  which  immediately  succeed 
the  for(\st  are  lireweed,-  raspl)erries,  blackberries,  wild  cherries,^ 
and  aspens.^  A  deciduous  forest  of  ])o])lars  and  canoe  birches^ 
succeeds  the  thickets  al)ove-intMitione(l.  This  in  turn  would 
doul)lless,  under  natural  conditions,  after  a  long  period,  be  dis- 
placed by  a  pine  forest. 

In  eastern  Elaine  the  succession  is  very  similar,  except  that 
blackl)erri(\s  are  not  common  in  the  burned  cleal•in»^^s  and  the 
tree  ^n-owth  which  follows  the  thicket  staire  is  usually  of  gray 
birch.^ 

^  Piiiux  Str  ihits.  <  Po})uI}is  tniiniloides. 

-  E})ilohiu7n  (DujHstifoliuui.  ^  HeUihi  2>apyrlf€rn. 

•'  Vrunun  pennsi/lvanicn.  ^  B.  popuH/ului. 
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434.  Reasons  for  order  of  succession.  It  is  not  always  pos- 
sii>le  Uj  txyhim  in  detail  why  eacli  set  of  plants  in  a  aiictession 
takes  poss<2ssion  of  the  ground  and  later  on  is  itself  driven  out 
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Young  bh%Lk  i»ak5  .Muri.-r^'iSin^  inhii^rjy  jpiiH-  nuri  .simrTi^.^ai  |iihe. 

AfUT  villi  Mm^rik 

Iti  a  ^'i'ULTal  way  it  iw  clear  tliat  verv  Uiw  sfmrti  jiknts  i^aii 
ijiakt*  a  living  nn  1)are  rrtck  HurfaeeH  or  on  ]>artly  deconipowetl 
^►ck  whure  weed  plants  wimlil  iiinl  tnii  little  availaMt^  salt*** 
(ipt*cially  niimte.s  in  j*iip|Mirt  their  mitrition* 
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On  lands  whex-e  cultivation  is  abandoned,  or  vvliich  are  in 
other  ways  s^uddenly  bxj.>u«ed  to  invasi<jn,  weeds  nf  many  i^i^e- 
cies  often  obtain  a  footing  and  flourish  for  some  )  ejirs  l»efore  the 
'truly  wild  native  plants*  of  the  rt^gion  take  tiaal  pt>sseasion.  This 
is,  in  part  at  least,  on  account  of  the  remarkable  capacity  of  must 
weeds  to  seed  themselves  (Si?c.  429). 

Forest  or  gmss  land  is  the  limd  stJige  in  many  successions. 
Tlie  former  gsLinn  sujiremacy  over  tlie  weetly  thickets  out  of 
which  it  rises  by  shading  the  shrubs  and  herlis  beneath  the 
tn3e  t<\>ps  until  all  those  not  adai)ted  to  life  in  deep  ^hade  are 
destroyed,  (irasises  have  to  an  uns^urpassed  extent  the  power  of 
li\dng  with  tlieir  roots  {and  srunetimcs  al«n  rootstocks)  inter- 
wijven  hi  a  way  wluch  would  prove  fatal  to  most  herbs.  In 
this  way  a  lawn  or  meadow,  on  good  ground,  may  be  seen  to 
impn)ve  itself  by  choking  out  other  plants  which  occur  here 
ami  there  among  tlie  grass.  Halt  marshes,  with  a  comi>aratively 
scanty  vegetation,  are  cjften  pur];rtisely  shut  away  from  the  sea* 
m  that  the  rains  can  wash  the  excess  of  salt  out  of  the  soil.  In 
four  or  five  years  they  become  thoroughly  self-sown  with  the 
seeds  of  cultivated  grasses  and  are  changed  into  highly  produc- 
tive meadows. 


CHAPTER  XXXVI 
ECOLOGICAL  GROUPS  AND  THEIR  CHARACTERISTICS* 

435.  Ecological  grouping  of  plants.  The  ordinary  classifi- 
cation of  plants,  as  set  forth  in  Part  II,  is  based,  as  far  as 
possible,  on  their  actual  relationships  to  each  other.  But  when 
plants  are  considered  ecologically  they  are  grouped  according  to 
their  relations  to  the  world  about  them.  They  may,  therefore, 
be  gathered  into  as  many  (or  more  than  as  many)  different 
groups  as  there  are  important  factors  influencing  their  modes  of 
life.  We  may,  for  instance,  classify  plants  as  lighMoving  and 
shade-loving,  and  so  on. 

The  most  important  consideration  in  classifying  seed  plants 
on  ecological  grounds  is  based  on  their  requirements  in  regard 
U)  water.  Grouped  with  reference  to  this  factor  in  their  life  all 
plants  may  l>e  designated  as : 

1.  Hydrophytes^  or  water-inhabiting  or  water-tolerating  plants. 

2.  XerophyteSy  or  drought-tolerating  plants. 

3.  Mesophytesy  or  plants  which  thrive  best  with  a  moderate  supply 

of  water. 

These  three  groups  do  not  fully  express  all  the  relations  of  plants 
to  the  water  supply,  so  two  others  are  found  convenient : 

4.  Tropophytesy  or  seasonal  plants  which  are  hydrophytes  during  part 

of  the  year  and  xerophytes  during  another  part.^ 

5.  Ilnlophytesy   or  salt-marsh   plants  and   **  alkali  "  plants,   species 

which  can  flourish  in  a  very  saline  soil. 

*  To  THE  Instrictor  :  If  it  is  necessary  to  sliorten  the  treatment  of  this 
subject,  the  latter  part  of  the  chapter,  beginning  with  Sec.  442,  may  be 
omitted. 

^  The  plants  which  E.  Warming,  one  of  the  foremost  authorities,  classes 
as  mesophytes  are  many  of  them  grouped  by  another  great  authority, 
A.  F.  W.  Schimper,  as  tropophytes. 
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436.  Difficulties  in  ecological  grouping.  It  seetuB  at  fimt  sight 
a  sioiple  matier  to  group  plants  in  regard  to  their  need  of 
water.  There  can  l^e  no  ditticulty  id  ret^ugiiiziiig  as  hydrophytes 
all  plants  like  the  hladderwort^,  water  creaseSj  certain  niossafi^ 
and  most  algie  whicli  li%^e  only  in  water.  Cactuses,  aloes,  and 
similar  plants  are  I'ecognized  at  sight  as  xerophytes.  But  the 
chief  difficulty  is  in  dividing  mesophytes  from  the  other  two 
assemblages,  into  which  they  shade  hy  indefinite  gradationa  In 
a  single  mesophytic  thicket,  for  example, 
one  may  lind  sucli  hydrophytes  as  the 
pepjier  hnsh  (Ckthm)  and  such  m^xlerate 
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Fio*  Sd2.   Aquatic  plants  :  pond  Hlies  witli  floating  leaves, 
and  sedgies  with  atrial  leave§ 

"erophytes  as  the  eatbriers  (SmUa.f').  In  order  to  kno\r  wheth" 
the  plants  of  a  region  have  plenty  of  water  or  not,  we  must  know 
not  only  how  many  inches  of  yearly  rainfall  there  are,  but  also 
what  the  ^oil  \^  like,  what  is  the  temjierature  of  the  soil  and  air, 
whether  or  not  there  are  dry  winds,  and  whether  there  are  fogs  or 
heavy  dew^.  ^V  lichen  ou  a  1>are  rock  may  l>e  living*  almost  under 
desert  conditions,  while  a  pitcher  plant  in  a  bog  ne^r  by  has  its 
roots  in  standii^  water  (or  in  ice)  nearly  all  the  year  round. 
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437.  Hydrophytes.  Some  of  these  are  herbaceous  aquatic 
plants,  like  the  duckweed,  the  pickerel  weed,  the  pond  lily, 
and  the  water  crowfoot ;  others,  such  as  the  cultivated  "  calla  " 
(Eichardia),  the  buck  bean,  the  cat^tail,  and  the  sweet  flag,  many 
ferns,  mosses,  and  liverworts,  prefer  damp  air  and  soil.  All  of 
them  transpire  freely,  and  many  of  them  cannot  live  at  all 
under  the  moisture  conditions  which  suit  ordinary  plants. 


Fig.  353.  Submerged  and  aerial 
leaves  of  a  crowfoot  {Ranunculus 
aqu^itilis) 

The  leaf  with  thread-like  divisions  la 
the  submerged  one.  —  After  Giesen- 
hagen 


Fig.  354.  Cross  sections  of 
leaves  of  arrowhead  {Sag- 
ittaria) 

A,  aerial  leaf;  B,  submerged 
leaf.  The  submerged  leaf 
has  no  ordinary  epidermis 
and  no  palisade  layer,  but 
large  air  spaces.  Much 
magnitied.  —  After  Bonnier 
and  Sablon 


Some  a([uatics  have  their  leaves  wholly  submerged,  others, 
such  as  the  duckweed  (Fig.  355)  and  the  jxmd  lilies  (Fig.  352), 
have  them  floating,  and  still  others,  like  the  sedges  in  the  same 
illustration,  have  their  leaves  freely  exix)sed  to  the  air.  A  few 
plants  have  both  water  leaves  and  air  leiives  (Fig.  353).  Some 
aquatic  plants  are  rooted  in  the  mud,  while  others  have  no  roots 
at  all,  or,  like  the  duckweed,  have  only  water  roots.^ 
1  See  grouping  in  Sec.  454. 
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The  leaves  of  land  plants  in  veiy  lainy  snb-tropioal  dimatetf 
are  exposed  to  the  attacks  of  parasitic  fungi   To  waid  off  the 

attacks  of  these  and  to 
allow  free  transpuatkn, 
it  is  neoeeeaij  to.  keep 

water  from 'a0(»ui|iiMaiKg 
o^.  the  aoifaoes  ^MJie 
leaves.  This  result  is 
secured  ly  a  waagr  de- 
posit on  the  ^adennis^ 
and  also  hyUbe  slender 


Fio.  356.  The  duckweed,  a  floating 
aquatic  plant 

prolongation  to  drain  off  surplus  water, 
shown  in  Fig.  356.  That  this  slender  leaf 
tip  is  useful  in  the  way  suggested  is  proved 
by  the  fact  that  when  it  is  cut  squarely  off 
the  leaf  no  longer  sheds  water  freely. 

438.  Xerophytes.  A  xerophyte  is  a  plant 
which  is  capable  of  sustaining  life  with  a 
very  scanty  supply  of  water.  Since  the  first 
plants  which  existed  were  aquatics,  we 
must  consider  that  xerophytes  are  highly 
specialized  and  modified  forms  adapted  to 
extremely  trying  conditions  of  life.  A  typi- 
cal xerophyte  is  one  which  can  live  in  a 
very  dry  soil  in  a  nearly  rainless  region. 
The  yucca  and  the  cactuses  (Figs.  50,  357) 
are  good  examples  of  such  plants.  Less  extremely  xerophytic 
are  plants  like  the  date  palm  (Fig.  53),  which  flourishes  in  the 

^  Ficus  rdigiosa. 


Fig.  856.  Leaf  of  an 
East  Indian  flg  tree^i 
with  a  slender,  taper- 
ing point  to  drain  off 
water 

After  Schimper 


•J 
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oases  of  the  Sahara,  where  the  soil  is  moist  from  the  presence 
of  springs,  though  rains  are  almost  unknown,  or  the  hoiiseldeks 
and  stonecrops  found  in  many  gardens,  the  so-called  Spanish 
moss  (Hate  III),  and  lichens  (Figs.  226, 227),  all  of  which  grow 
most  rapidly  in  moist  air,  but  cling  to  bare  rocks  and  trunks 
of  trees,  from  which  they  get  no  water. 

It  is  important  to  notice  that  many  xero- 
phytes  only  economize  waier  when  forced  to 
do  80.  With  an  abundant  supply  of  water 
they  may  transpire  almost  or  quite  as  much 

I^^HH^        as  mesophytea    But  a  drought  which 
^yf  would  kUl  the  latter  would  only  cause  the 

J^  xeropfajrtes  to  close  their  stomata  and  greatly 

I  I  lessen  transpiration.    A  xerophyte  must  be 

r,  J  capable  of  storing  water  and  transpiring 

Mim  very  slowly,  like  cactuses,  aloes,  stonecrops, 

and  such  fleshy  plants  with  a  thick  epider- 
mis, or  else  it  must  be  able  to  revive  after 
being  thoroughly  dried. 

439.  Roots  and  stems  of  zerophytic  seed 
plants.    Some  xerophytes  have  roots  which 
show  no  peculiarities  of  form  or  structure, 
but  many  make  special  provision  for  storing 
food  and  water  in  their  roots.    Such  roots 
Fj(;.3r)8.  Ilarpaf/o-  ^^'®  fleshy  and  often,  as  in  Harpagophytum 
phylum, -A  South   (F'ig.  358),  are  of  great  size  compared  with 
African  xerophyte     ^^^^  j^ortion  of  the  plant  above  the  ground. 
After  Schimiier        Xerophytic  stcms  are  frequently  very  thick 
in  pr()iK)rtion  to  their  length,  sometimes  even  globular  (Fig.  50), 
and  they  commonly  contain  large  amounts  of  w^ater.    In  leaf- 
less plants,  like  the  cactuses,  the  surface  for  transpiration  is 
much  less   than  that  offered   by  leafy  plants.    Many  species 
wiiich  bear  leaves  shed  most  of  them  at  the  beginning  of  the 
dry  season,  and  some  remain  thus  in  a  half  dormant  condition 
for  long  pericxls,  as  is  the  case  with  many  Enphorhias  (Fig.  318). 
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Tlie  epidermis,  even  on  the  younger  portions  of  the  stem,  is 
higlily  cutinized,  and  this  structure  makes  any  evaporation 
very  slow. 

440.  Leaves  of  xerophytes.  Since  the  leaf  is  in  general  the 
main  organ  of  transpiration,  we  might  expect  to  find  the  leaves 
of  xerophytes  highly  adapted  to  their  environment.    Tliis  is  the 


Fig.  3r>»  Fkj.  300 

Fui.  350.    Cross  section  of  leaf  of  Ficua  elastica 

c,  cuticle ;  o,  opcninp^  to  pit ;  />,  pit  leading?  to  stoma :  s,  stoma ;  e,  epidermal  cells ; 
tr,  special  cells  for  storajje  of  water;  ch,  air  chamber  from  stoma;  sp,  cells 
of  spongy  parenchyma ;  a,  intercellular  air  spaces.     Much  masnitied 

Fig.  300.   Fleshy  leaves  of  Mesenibryanthemum,  with  stored  water 
After  Giesenhaj;en 

case,  and  some  of  ihoir  principal   means  of  protection  from 
excessive  transpiration  are  as  follows  ^ : 

1.  A  thick  epidermis,  often  of  several  layers  of  cells  (Fig.  359). 

2.  Stonige  of  water  in  epidermal  cells. 

3.  Small  stomata,  often  deeply  sunken  (Fig.  3. ID). 

4.  Epidermal  hairs  or  scales.  These  arc*  often  extraordinarily 
abundant,  and  in  some  cases  give  one  or  both  surfaces  of  the 
leaf  a  silky  or  silvery  luster. 

1  See  Warming,  Lehrbuch  der  (Ekologittchen  Pjianzcngeographiey  vierter 
AhschniU,  Berlin,  11K)2. 
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Coatings  of  wax  or  vamiBh  or  incrusUtions  ot  salta 

Extreiue  development  of  the  iMili^ifide  layer. 

Keductioii  of  the  intercellular  8|xlcl^s. 

Mucilagmoiis,  water-retainmg  cell  conteats  m  the  spon^"^ 

parenohyiiiH  of  the 
leaf  {usuidly  m  fleshy 

9.  Penmuietit  verti- 
ml  posit  inn  *>f  leaves 
(Figs.  45.  110,  III), 

10.  Leaf  m  o  V  e- 
ments,  ]>resenting  only 
the  e<lgoa  to  the  stin 
during  the  heat  of  the 
day  (:^ea  114). 

11.  EoUing  up  of  leaves^  either  permanent,  as  in  Fig.  StU, 
or  temporary,  as  in  Indian  corn  and  in  Fig.  3fj2. 

12.  Eeduetion  of  leaf  area, —  the  leaves  either  few  or  small, 
or  both.  Sometimes  the  leaf  consists  of  little  else  besides  a 
petiole ;  sometimes,  as  in  Figs.  50  and  357, 
foliage  leaves  are  wholly  absent. 


crowberry  {Emp^trum  nigrum) 
Magnified,  —  After  Kertier 


Fig.  362.    Cross  section  of  leaves  of  a  grass, i  unrolled  for  exposure  to  sun- 
light and  rolled  up  to  prevent  evaporation 

r,  ridges  of  the  upper  epidermis,  with  many  stomata  on  their  surfaces;  c,  thick 
lower  epidermis,  without  stomata.  —  After  Kerner 

In  regions  with  a  long  rainless  summer,  like  that  of  southern 
California  or  the  coast  of  the  Mediterranean,  many  shrubs  are 
summer  deciduous,  and  in  their  leafless  condition  the  twigs 


Stipa  capillata. 


MESOPIIYTES 


467 


have  been  found  to  transpire  less  than  3  per  cent  of  their 
maximum  rate  when  leafy. 

Some  of  the  principal  differences  between  hydrophytes  and 
xerophytes  may  be  summed  up  as  follows : 


Roots 

Water-conducting  tissue 
Air-conducting  tissue  . 
Water-storage  tissue 

Epidermis 

Leaves      


Hydrophytes 


Few 

Scanty 
Abundant 
Wanting 
Thin  or  wanting 
Often  large  or  dis- 
sected 


Xkrophytes 

Many 
Abundant 
Scanty 

Often  abundant 
Thick 

Usually  of  reduced 
surface 


441.  Mesophytes.  A  mesophyte  is  a  plant  which  thrives 
l)est  with  a  moderate  su})ply  of  water.  The  great  majority  of 
the  wild  and  the  cultivated  plants  of  the  United  States  are 
mesophytes.  What  has  been  leiirned  from  Part  1  of  this  book 
about  the  forms,  structure,  and  habits  of  ordinary  plants,  to- 
gether with  what  the  student's  own  observation,  aside  from  the 
study  of  l)otany,  has  taught  him,  should  suffice  to  give  him  a 
fair  idea  of  mesophytic  i)lant  life. 

It  is  important  to  notice  that  most  of  our  mesophytic  trees 
and  shrubs  j>ass  the  whiter  (or  in  the  extreme  Southwest  the 
dry  season)  in  a  leafless  condition,  and  so  transpire  ver}'  little. 
So,  too,  our  mesophytic,  herbaceous  jKM'ennials,  such  plants  as 
the  jack-in-the-pulpit,  lilies,  irises  (Fig.  45),  violets,  and  others, 
lose  a  large  portion  of  their  evaiM)ratiiig  surface  during  j)art  of 
the  year  by  dying  to  the  ground  and  leaving  only  the  buri(»(l 
bulbs,  roots  with  buds  at  the  crown,  or  rootstocks  alive. 

All  of  the  plants  which  make  decided  preparations  for  the 
season  when  water  is  hard  to  get  may  Ik?  classed  as  tropophytes 
or  periodic  xerophytes. 

442.  Deciduousness  an  acquired  habit.  The  practice  of  shed- 
ding the  leavas  before  the  arrival  of  severe  freezing  weather, 
when  it  becomes  almost  impossible  to  draw  moisture  from  the 
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earth,  or  before  the  culmination  c»f  the  severest  drought  of  midi- 
iner,  may  be  regarded  m  a  habit  gradually  act[uired  by  decidu- 
ous trees  and  shrubs  for  their  own  protection.  The  duration  of 
the  j>eriod  of  leafiessntsss  depends  on  the  length  of  tlie  danger- 
ous season.  Cira[>e%^ines,  for  inytanee,  in  central  Europe  are  leafy 
during?  about  six  montlis  and  leafless  during  the  following  six. 
But  near  Cairo,  Egypt,  the  leafless  peritxl  is  only  two  nionibs 
long,  and  in  very  warm  and  moist  climates  the  vines  are  ever- 
green,  So,  too,  cherry  trees  are  evergreen  in  Ce.ylun,  and 
beeches  in  Madeira. 

A  large  shrubby  Euphorhiit}  commtjn  in  southern  Italy,  if^ 
found  absolutely  leatlesa  during  July  and  August,  when  grow- 
ing on  the  faces  of  Iinie^t<jne  cliffs.    Hut  in  moist  soil,  within 

a  stone's  throw  of  the 
leafless  plants^  there 
may  lie  found  others 
jti'ofusely  leafy. 

M3.  Halophytes.  A 
luduphyte  is  a  plant 
which  L*an  thrive  in  a 
soil  containing  much 
(Mmmon  salt  or  other 
saline  substances.  The 
seaside  is  the  princij^wil 
j  r^don  of  halophytic 
vej^etation,  liut  many 
halnphytic  plaut.^  are 


AOerW.  M.  Davia 

also  to  Ijc  found  in  the  neigliborhiKxls  about  salt  springs  and  the 
** alkali"  lands  of  tlie  Siiutlnvest  and  the  Pacific  slope, 

Tlie  mangrove  tree  (Fig.  368)  is  one  of  the  most  remarkalile 
of  halophytes.  It  grows  in  shallow  water  along  the  seashore, 
and  sends  out  many  aerial  rctots  which  at  length  find  their  way 
down  into  the  salt  mud.  In  this  way  it  collects  drift  material 
and  gradually  extends  the  shore  line  farther  out  to  sea, 

1  E.  dendrohies. 
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444.  Form  and  structure  of  halophytes.  Most  halophytes 
present  certain  peculiarities  of  form  and  structure,  such  as  suc- 
culence of  stem  or  leaves,  or  both,  a  highly  developed  palisade 
layer,  small  intercellular  spaces,  diminution  of  evaporating  sur- 
face, and  often  specially  developed  tissue  for  storage  of  water. 
These  are  evidently  xerophytic  characteristics,  and  their  pres- 
ence may  be  due  to  two  causes : 

First,  the  occurrence  of  salt  in  the  soil  renders  absorption  of 
the  soil  water  comparatively  difficult,  since  osmosis  takes  place 
more  readily  between  nearly  pure  water  and  the  liquid  con- 
tents of  the  young  roots  and  root  hairs  than  between  salt  water 
and  the  lic^uids  within  the  root.  Halophytes  may  therefore  be 
on  a  short  allowance  of  water  even  when  their  roots  are  con- 
stantly wet. 

Secomly  the  absorption  of  much  salt  would  poison  the  plant, 
and  therefore  it  is  an  advantage  to  keep  down  transpiration 
and  with  it  the  rate  at  which  salt  water  is  allowed  to  enter 
the  roots. 

445.  Halophytes  not  dependent  on  salts.  It  is  worth  while 
to  note  the  fact  that  halophytes  are  not  usually  dei)endent  on 
a  highly  saline  soil.  They  are  salt  tolerators  rather  than  salt 
lovers.^  But  they  flourish  m  saline  lociilities  because  they  are 
cajMible  of  enduring  much  more  salt  than  ordmary  plants,  and 
so  can  grow  in  salt  marshes  and  such  localities  comparatively 
unhindered  by  the  comjx^tition  of  n(jn-haloj)hytic  sjHicies. 

446.  Other  kinds  of  ecological  classes.  ( )ne  may  class  plants 
with  reference  to  their  habits  in  many  other  regards  than 
according  to  their  relative  economy  of  water  or  their  tolerance 
of  salts.  Only  one  other  kind  of  classification  need,  however,  be 
mentioned  in  this  chapter, —  that  is,  the  division  into  sun-loving 
and  shade-loving  plants.  Even  in  very  dense  forests  some  plants 
are  found  growing  on  the  soil  in  the  twilight  formed  by  the 
shade  of  the  trees.    Some  of  this  undergrowth  is  of  seed  plants, 

1  Or,  In  technical  t^rma,  the  pKants  which  ^row  in  saline  soils  are/acu^ 
Uxtite  halophytes  but  not  obligate  halophytes. 
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and  tliere  are  mamy  ferns  and  mosses  wjiicli  flourish  in  such 
situations*  Shade  plimta  commonly  have  hirge  imle  leaves,  and 
generally  (except  in  ferns)  the  leaves  are  not  niueh  cut  or  lolled 
(Fig.  364,  A),    Sun-loving  plants,  on  the  other  htmd,  usually 

have  comparatively 
little  leaf  surface,  and 
the  leaves  are  often  cut 
into  narrow  divisions 
(Fig.  3fi4,  ii).  Ayimr- 
eutly  the  broad  leaf 
surfaces  in  tlie  om* 

-—    - i'lass  are  to  expose 

\    ^^!^^^%.Jf^^       inaiiy  green  cells  to  the 
\  (  -      "^y  light  for  starch  making, 

while  in  the  otlier  cla^^ 
,    ,^  the  slender    leaf   divi- 

H  r^  niong  exjiose  enough  as- 

similating cells,  and  at 
the  same  time  the  nar- 
-V,     ^ff   /  ft  ,    mwness  of  the  division 

permits  plenty  of  light 
to  penetrate  to  the 
plant's  lower  Imves.  It 
is  also,  doubtless,  much 
easier  for  leaves  like 
those  of  the  yarrow, 
the  dog  fennel,  the 
tansy,  the  carrot,  and 
their  like  to  withstand  the  action  of  severe  winds,  to  which  they 
are  often  exposed,  than  it  would  be  for  leaves  like  those  of 
the  jack-in-the-pulpit,  the  trilliimis,  the  lily  of  the  valley,  and 
similar  leaves. 

447.  Sun  leaves  and  shade  leaves  on  the  same  plant.  On 
plants  of  the  same  species,  or  even  on  the  same  individual,  sun 
leaves  and  shade  leaves  often  differ  widely.    On  comparing  the 


X 


y 


Fh..  364 

A,  a  shade  plant  {Clintonia) ;  B,  a  sim  plant, 
dog  fennel  (Maruta) 
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lea  ^es  from  the  exterior  and  the  interior  of  the  crown  of  a  de- 
ciduous tree,  or  such  an  evergreen  species  as  the  live  oak  or  the 
olivo,  the  sun  leaves  are  usually  found  to  be  lighter-colored,  of 
sma  ler  area,  thicker,  and  of  more  xerophytic  structure  than  the 
shade  leaves.  Tlie  difference  in  size  may  be  very  great,  the 
smallest  sun  leaves  sometimes  not  covering  more  than  a  tenth 
of  the  area  of  the  largest  shade  leaves  on  the  same  plant.  There 
is  usually,  also,  a  notable  difference  in  the  form  of  the  two 
kinds,  the  sun  leaves  being  narrower  in  proportion  to  their 
length.  Sun  leaves  are  often  several  times  as  thick  as  shade 
leaves,  and  have  far  more  completely  developed  palisade  layers. 
The  latter  may  even  (m  leaves  grown  in  dense  shade)  be  quite 
lacking,  and  the  regular  palisade  cells  be  replaced  by  loosely 
arranged,  funnel-shaped  cells,  with  their  broader  ends  toward 
the  epidermis.  Sun  leaves  have  a  much  stronger  fibro-vascular 
framework  than  those  developed  in  a  comparatively  feeble  light. 
In  the  case  of  plants  which  have  the  leaves  more  or  less  hairy 
or  scaly,  the  covering  of  these  epidermal  outgrowths  is,  as  might 
l)e  expected,  much  more  dense  on  the  sun  leaves. 

IVobably  the  work  of  all  kinds  done  by  the  sun  leaves  is  far 
greater  than  that  done  by  shade  leaves  of  the  same  species. 
Tliis  is  partly  due  to  the  much  greater  supply  of  energ}-  daily 
received  by  the  former  fiom  the  sun,  and  it  is  also  due  to  their 
more  capacious  conducting  system  and  greater  supply  of  chloro- 
plasts.  The  transpiration  of  a  given  area  of  sun  leaves  is  at 
times  tenfold  that  of  the  same  area  of  shade  leaves  (both  being 
placed  for  the  time  in  full  sunlight). 

448.  Transition  of  a  plant  from  shade  conditions  to  sun  con- 
ditions. It  is  characteristic  of  many  kinds  of  forest  trees  that 
the  young  seedlings  are  much  more  tolerant  of  dense  shade  than 
the  adult  trees.  Sometimes  their  seeds  will  hardly  germinate 
at  all  unless  thoroughly  shaded,  and  the  young  trees  for  the 
first  few  years  flourish  best  in  the  shade.  Afterwards  most  trees 
need  a  gofxl  leal  of  sunlight,  but  they  may  live  long  with  a 
scanty  supply  of  light.    The  red  spruce  sometimes  Hngers  on  for 
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fifty  or  a  hundred  years,  reaching  meantime  a  diameter  of  not 
more  than  two  inches,  and  then,  on  getting  more  light,  shoots 
up  into  a  large  and  valuable  timber  tree.^ 

449.  Epiphytes.  It  is  even  easier  for  a  plant  to  secure  enough 
sunlight  in  a  forest  region  by  perching  itself  upon  the  trunk, 
branches,  or  leaves  of  a  tree  than  by  climbing,  as  our  wild  grape- 
vines and  the  great  tropical  lianas  do.  There  is  a  large  number 
of  such  perched  plants,  or  epiphytes  (meaning  upon  a  plant),  par- 
ticularly in  such  tropical  forests  as  those  of  Fig.  39  and  Plate 
XIII.  Epiphytic  forms  occur  among  many  different  groups  of 
seed  plants  and  of  spore  plants,  especially  lichens.  The  stag- 
horn  fern,  shown  in  Fig.  365,  is  a  good  example  of  an  epiphyte. 
Instances  among  seed  plants  are  the  so-called  Florida  or  Spanish 
moss  (Plate  III)  and  orchids  like  those  in  Fig.  13. 

450.  Water  supply  of  epiphytes.  Epiphytes  secure  their 
supply  of  water  and  dissolved  salts  in  several  different  ways, 
some  through  roots  by  absorption  from  the  moist  bark  on  which 
they  grow,  others  by  sending  roots  down  until  they  reach  the 
earth,  others  by  means  of  a  network  of  aerial  roots  fully  exposed 
to  the  air,  —  as  in  the  orchid  just  mentioned,  —  and  still  others 
by  means  of  leaves  which  function  as  roots.  Some  species,  like 
the  Florida  moss,  absorb  water  very  rapidly  from  dew  or  rains, 
while  others,  as  the  stag-horn  fern  (Figs.  272,  365),  and  Til- 
landsia  bullosa,  a  relative  of  the  Florida  moss,  hold  water  in 
reservoirs  at  the  bases  of  the  leaves,  with  or  without  the  aid  of 
spongy  decaying  vegetable  matter.  From  the  great  vicissitudes 
in  their  water  supply  most  epiphytes  among  seed  j)lants  possess 
xerophytic  characteristics. 

1  See  the  Primer  of  Forestry,  Part  I,  United  States  Department  of  Agri- 
culture, 1899,  pp.  83-35. 


CHAPTER  XXXVII 
PLANT  FORMATIONS;  ZONATION* 

451.  Plant  fonnations.  One  of  the  iirst  things  which  the 
young  field  botanist  learns  is  the  fact  that  the  distribution  of 
plants  depends  largely  on  the  character  of  the  ground  tliey  occupy. 
There  is  in  any  small  territory,  such  as  a  county,  for  example, 
one  assemblage  of  plants  for  the  waters  of  ponds  and  another 
for  their  shores,  one  for  swamps,  one  for  moderately  dry  uplands, 
one  for  very  dry  hilltops,  and  so  on.  Tlie  a(j[uatic  plants  of  the 
sea  are  very  different  from  those  of  fresh  water.  Sandstone  and 
limestone  soils  have  vegetations  peculiai*  to  themselves;^  the 
long-leaved  pine,  the  scrub  pine,  and  the  chestnut  are  character- 
istic trees  of  sandy  soils,  while  most  of  the  oaks,  the  hackberries, 
and  the  black  walnut  are  generally  found  in  limestone  regions. 

Tlie  collection  of  plants  as  found  in  any  given  kind  of  station 
or  habitat,  especially  when  prominent  and  well  defined,  is  called 
di  formation.  Thus  we  have  marine  acjuatic  formations,  sea-beach 
formations,  pond  formations,  bog  formations,  sand-hill  forma- 
tions, meadow  formations,  heath  formations,  forest  formations, 
and  many  others  such  as  the  student  may  designate  for  himself. 

452.  Plant  associations.  Usually  the  jJant  formation  is  divis- 
ible into  assemblages  or  unit  groups,  which  are  much  more  alike 
in  their  vegetation  than  is  the  formation  as  a  whole.  Thus  a 
woodland  foiunation  may  consist  of  ])ine  patches,  oak  patches,  and 

*  To  THE  Ix.sTRix'TOK  :  If  it  is  noeessarv  to  cut  down  the  discussion  of 
these  topics  to  little  more  than  delinitions,  only  the  first  three  sections  of  the 
chapter  need  be  read. 

1  Perhaps  this  is  sometimes  due  to  physical  rather  than  to  chemical  causes. 
In  other  wonls,  the  chemical  differences  in  sf)ils  ai-e  usually  accompanied  by 
differences  in  their  porosity,  their  capacity  for  ret^inin^^  water,  for  absorbinir 
heat  from  the  sun's  rays,  and  so  on,  which  p:reatly  modify  their  effect  on  plants. 
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birch  patches.  A  grass-land  foniiation  may  consist  of  patches  of 
timothy  and  others  of  redtop,  and  so  on.  Such  minor  groups 
are  often  called  associations. 

In  some  cases  it  may  be  possible  to  show  that  the  association 
is  based  on  the  mutual  relations  to  each  other  of  the  plants 
which  compose  it,  while  the  formation  as  a  whole  depends  on 
the  characteristics  of  the  station  in  which  it  exists,  i.e.  on  soil, 
climate,  and  so  on.^ 

453.  Zonation.  The  most  striking  occurrence  of  plant  forma- 
tions is  in  localities  where  sharply  contrasted  conditions  of  life 
exist  side  by  side.  It  is  often  possible,  within  the  radius  of  a 
few  hundred  feet,  to  travel  from  the  floating  aquatic  vegettition 
of  the  deeper  waters  of  a  jHrnd,  through  the  rooted  aquatic  forms 
of  the  shallower  water,  to  the  sulnaciuatic  species  of  the  wet 
shore,  then  j)ast  the  sand-loving  plants  of  the  sand  dunes  farther 
back  from  the  water,  and  finjilly  mto  the  wood  or  meadow  vege- 
tation of  ordinary  soil.  Such  a  series  of  zones  is  shown  in 
Fig.  366  and  in  Plate  X. 

Similar  diagrams  may  l>e  made  to  illustrate  the  distribution 
of  plants  about  a  salt  spring  or  })ool,  along  the  seashore  or  the 
margin  of  a  salt  marsh,  on  the  top  and  sides  of  an  isolated  hill 
with  a  dry,ledgy,  or  sandy  summit,  or  even  about  an  old  unused 
gravel  pit  or  a  railroad  embankment.  Less  clearly  defined  but 
very  interesting  and  extensive  zones  may  be  studied  with  rela- 
tion to  submerged  a(piatics,  particularly  among  marine  plants,  as 
shown  in  Fig.  202. 

Among  the  most  striking  and  symmetrical  instances  of  zona- 
tion are  those  to  l)e  found  about  the  salt  marshes  of  some  of 
tlie  deserts  of  the  far  West.  The  waters  of  these  marshes  are 
too  salt  to  support  vegetation,  l»ut  encircling  their  l)orders  may 
sometimes  be  found  as  many  as  six  broad  concentric  l)ands  of 
abundant  vegetation. 

1  Some  authors  use  the  term  association  as  an  tMiuivahMit  f(jr  the  term 
formation  as  here  employed.  Consories  is  sometimes  used  with  the  same 
meaning  as  is  here  given  to  association. 


Fig.  366.   Zonation  about  a  pond 

I,  pond ;  II,  bog  zone;  III,  swampy  thicket  zone ;  IV,  incomplete  zone  in  arid  soil 
of  a  sand  pit;  V,  dry  meadow  zone;  VI,  dry  woodland  zone;  «,  floating  mass 
of  Eriocaulon  ;  6,  deepest  area  in  pond,  six  to  ten  feet;  c,  association  of  tall 
rushes  (Juncns  militaris);  d,  birch  woo<lland  (Betula  popidifolia) ;  WE,  line 
intersecting  formations  of  west  side  of  pond;  SN^  line  intersecting  fonna- 
tions  of  north  end  of  pond 
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454.  Zonation  in  Fig.  366.  The  diagram  represents  some  of 
the  principal  formations  observed  in  and  about  a  rather  shallow 
pond  in  eastern  Massachusetts  in  October,  1905. 

The  pond  was  almost  encircled  by  six  zones  of  v^etation, 
only  one  of  which  (the  bog  zone)  entirely  surrounded  the  water. 
All  the  zones  except  that  of  the  meadow  consisted  of  wild  spe- 
cies, growing  under  nearly  natural  conditions. 

The  pond  itself  had  a  rather  scanty  algal  vegetation,  among 
which  the  most  noticeable  forms  were  a  green  alga  (Bulbochcete), 
related  to  (Edogonium,  and  a  blue-green  SLlga  (Ccelosphcerinm). 

Seed  plants  were  well  represented  in  the  waters  of  the  pond. 
In  the  deepest  portion,  at  h,  no  seed  plants  were  found  extend- 
ing to  the  surface,  but  there  were  many  young  specimens  of  a 
rush  (Juncus  militaris)  with  filiform  leaves  deeply  submerged.  In 
general  the  pond  was  populated  by  pond  lilies  {Nymphcea),  cow 
lilies  (Nuphar),  three  or  more  species  of  pondweed  {Potamoge- 
ton),  with  much  pipewort  {Eriocaulon)  and  duckweed  {Lemna), 
In  the  shallowest  portions,  usually  in  six  inches  or  less  of  water, 
were  found  some  six  other  herbaceous  species. 

The  spermatophytic  vegetation  of  the  pond  may  be  divided 
according  to  its  mode  of  growth  into  classes  as  follows : 

Floating  i)lants Lemna 

Plants  which  grow  rooted  and  submerged      .     .        Potamogeton 

'  J  line  us 
Pontederia 
Nymphfpa 
Nuphnr 

Plants  of  shallow  water  (six  inches  or  less),  or    ( 
which  grow  on  floating  rafts  like  that  at  «,    S  y     • 
with  most  of  the  plant  body  at^rial    .     .     .  [* 

455.  Contents  of  the  zones.  It  would  involve  too  much 
detail  to  enumerate  the  species  of  the  several  land  zones 
(II- VI),  but  they  may  be  briefly  summarized  as  follows : 

The  bog  zone  contained  some  twenty-one  conspicuous  species, 
especially  peat  moss  and  herbaceous  seed  plants. 


Plants  which  grow  rooted,  but  with  more  or  less 
of  the  stem  or  leaf  surface  in  air 
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The  swampy  thicket  zone  contained  mostly  shrubs  and  small 
trees,  including  an  alder,  a  blueberry,  a  pepper  bush  (Clethra), 
gray  birch,  and  red  maple. 

The  arid  soil  zone  contained  more  than  twenty  species,  mostly 
sand-frequenting  annual  seed  plants. 

The  meadow  was  growiog  under  artificial  conditions,  and  it 
was  merely  noted  that  its  flora  consisted  mainly  of  cultivated 
grasses.  . 

The  dry  woodland  zone  contained  some  twenty-three  con- 
spicuous forms*  The  three  principal  trees,  in  the  order  ot  their 
numbers  (omitting  the  region  d),  were  white  pine,  northern  pitch 
pine,  and  red  oak.  The  forest  floor  contained  an  abundant  growth 
of  shrubs' and  h^bs.  At  least  five  species  of  the  latter  were 
common  to  the  woodland  zone  and  the  arid  sand  zone. 

The  marked  differences  in  the  diaracter  of  the  vegetation 
of  the  several  zones  were  almost  wholly  due  to  differences  in 
the  amount  of  water  supply.  Not  only  would  the  trees  have 
died  if  transplanted  into  the  pond,  or  the  pond  aquatics  have 
died  if  removed  to  the  dry  sandy  soil  of  the  woodland,  but  in 
general  each  set  of  plants  was  l)etter  off  in  its  own  zone  than  it 
would  have  been  in  any  other.  The  sand-pit  flora  was,  however, 
only  a  short-lived  succession,  soon  to  be  followed  by  the  wood- 
land flora. 

456.  Similar  vegetation  due  to  similar  conditions.  As  soon 
as  one  begins  to  collect  plants  in  a  set  of  localities  new  to  him, 
he  often  discovers  that  his  old  acquaintances  are  still  to  be  foimd 
grouped  as  he  has  been  accustomed  to  see  them.  The  muddy 
borders  of  ponds  from  Maine  to  Minnesota  and  beyond  are 
fringed  with  the  same  kinds  of  bur  reeds  and  sedges,  set  with 
water  plantain  and  decorated  with  the  soft  white  blossoms  of 
the  arrowhead.  The  sand  dunes  along  the  northern  Atlantic 
coast  and  those  that  border  Lake  Michigan  are  clothed  with  a 
sparse  vegetation,  which  in  both  cases  includes  the  little  beach 
plum,  such  coarse  grasses  as  that  shown  in  Plate  I,  and  the 
straggling  sea  rocket.    Barnyards  and  waste  grounds  about  farm 
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buildings  from  Massachusetts  to  Missouri  contain  such  weeds 
as  the  dog  fennel,  the  low  mallow  ("cheeses"),  motherwort, 
catnip,  and  some  smartweeds. 

A  little  study  of  such  cases  soon  leads  one  to  the  conclusion 
that  these  plant  associations  and  multitudes  of  others  exist 
because  all  the  2}la7its  in  each  association  are  adapted  to  their 
special  eri^ironment.  Wherever  such  an  environment  occurs 
such  an  association  will  be  found  in  it,^  or,  if  not  already  there, 
will  flourish  when  introduced. 

457.  Similar  species  replace  each  other.  Two  sets  of  locali- 
ties alike  in  many  res^xicts  but  unlike  in  some  j)omts  are  often 
inhabited  by  different  species  of  the  same  genus.  For  instance, 
the  pine  barrens  of  New  England  and  the  adjacent  states  are 
commonly  covered  with  the  northern  pitch  piiie,'-^  while  far 
southward,  in  sandy  soil,  its  place  is  taken  by  the  long-leaved 
pine.^  Along  streams  and  swamps  northward  the  speckled  alder  * 
is  generally  found,  while  southward  the  sm(K)th  alder  ^  is  most 
common.  In  rich  woods  of  the  northeastern  United  States  the 
})ainted  trillinm^  and  the  erect  trillium  ("  l^njamin,"  or  "  scjuaw 
r(K)t")"  are  the  commonest  species,  while  farther  south,  in  sim- 
ilar localities,  the  sessile  trillium,^  Underwood's  trillium,^  and 
the  large-flowered  trillium  ^^  are  abundant. 

In  all  such  cases  —  and  they  are  very  numerous — we  are 
to  infer  that  the  genus  is  j)eculiarly  well  adapted  to  some  spe- 
cial set  of  conditions,  as  sandy  soil,  br(K)ksides,  or  the  rich, 
shaded  soil  of  woodlands.  The  more  northerly  s|)ecies  are  (capa- 
ble of  enduring  the  severe  winters  and  brief  summers  of  their 
region,  while  the  more  southerly  ones  perhaps  cannot  do  so. 
The  relative  warmth  of  the  climates  in  which  they  live  may 
not  l>e  the  only  reiison,  or  even  the  principal  reason,  for  the 


1  That  is,  in  loc<alitit*s  not  separated  by  such  natural  barriers  as  seas, 
high  mountains,  or  deserts. 

^  Pinui  rigida,  ^  A.  serrulata.  ^  T.  schsHc. 

*  P.  pcUtatris.  •  THUium  erythrocarpum.  '  T.  Ujulerwoodii. 

*  Alnus  incaria.  "^  T.  erectum.  ^ '  T.  grandiftorum. 
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distributioti  of  «uch  plants  as  tliose  just  mentioned,  but  it  is 
one  factor,  at  tuiy  rate,  and  it  is  certain  that,  on  the  whole,  most 
of  our  nati%'e  tuid  thurouglUy  natui-alized  plants  are  growing 
under  what  is,  for  them,  the  be®t  environxnent,  since  they  can- 
not u^sually  be  made  to  exchange  places  with  one  another.  If  a 
square  mile  of  land  in  Louisiana  were  to  lie  plaut^tl  w^th  Jlin- 
nesota  ^fieci^,  and  a  square  mile  in  Jlinnesota  with  I^misiana 
species,  it  is  very  improbable  that  eithct  tract,  if  left  to  itself, 
wituJd  long  retain  its  artificial  flora  To  tins  rule  there  are, 
however,  important  exceptions, 

458.  Formations  of  few  species.  It  is  not  uncommon  to  find 
tracts  of  laud  or  water  inhalnted  by  great  numbers  of  seed 
plants  of  the  same  species,  so  as  almost  ta  exclude  all  other  vege* 
tatitin  except  niicroseopic  spore  plants.  Ponds  and  slowly  flow- 
ing streams  are  often  filled  in  this  way  with  the  water  hyacinth,* 
the  water  cress,  or  the  American  lotus.^  The  canebrakes  of  the 
South  and  the  wild  rice  swamps  tdong  northern  lakes  antl  rivers 
are  other  exarni)les  of  an  extremely  simple  flora  s[>read  over 
large  areas.  Prairies  not  infrequently  for  many  square  miles 
are  covered  mainly  (not  entirely)  with  a  very  few  kinds  of 
grasses.  The  arid  plams  of  the  Rocky  Moimtain  region,  over 
thousands  of  square  miles,  contain  little  vegetation  except  sage- 
brush (Artemisia  tridcntata),  and  immense  tracts  of  snow  in 
the  arctic  regions  are  destitute  of  plant  life  except  for  the 
red-snow  alga  (Sphcerella  nivalis,  Sec.  215),  by  which  they  are 
colored  pink. 

In  all  such  cases  it  is  evident  that  the  single  species  or  the 
few  species  which  populate  the  area  can  endure  the  conditions 
of  existence  there  so  well  that  other  plants  which  migrate  into 
their  territory  cannot  compete  with  them. 

1  Eichhornia.  ^  Nelumbo. 
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459.  Regions  of  vegetation.  Tlie  earth's  surface  (that  of  the 
land)  has  been  described  by  one  of  the  greatest  of  geographical 
botanists^  as  divided  into  twenty-four  regions  of  vegetation. 
His  grouping  takes  account  of  all  the  principal  continental  areas 
which  have  a  characteristic  set  of  plants  of  their  own,  as  well 
as  of  the  most  important  islands.  But  a  simpler  arrangement 
is  to  consider  the  plant  life  of  the  earth  as  distributed  among 
the  following  regions : 

1.  The  tropical  region.  3.  The  arctic  regions. 

2.  The  temixirate  regions.  4.   Mountain  heights. 

5.   Bodies  of  water. 

Any  good  geography  gives  some  account  of  at  least  the 
land  vegetation  of  the  earth.  It  is  only  necessary  in  the  pres- 
ent chapter  to  point  out  a  few  of  the  most  important  charac- 
teristics of  the  plants  of  the  areas  mentioned  above  and  to  give 
some  reasons  why  the  i)lant  population  of  each  has  its  special 
characteristics. 

460.  Tropical  vegetation.  Within  the  tropics  two  of  the 
great  factors  of  plant  life  and  growth,  namely,  light  and  heat, 
are  found  in  a  higher  degree  than  elsewhere  on  the  earth. 
Moisture,  the  third  requisite,  is  in  some  regions  very  abimdant 
(over  forty  feet  of  rainfall  in  a  year),  or  sometimes,  in  desert 
areas,  almost  lacking.  We  find  here,  accordingly,  the  gr 
extremes  in  amount  of  vegetation,  from  the  1  e  i  I  i 
of  the  Sahara  desert  (Fig.  367)  to  the  dei      y 

•  To  THE  Instructor  :  Unless  the  present  cha] 
considerable  detail,  it  might  better  be  omitted  than  a 

*  A.  Grisebach,  in  Die  Vegetation  der  Erde. 
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the  Kongo  and  of  the  Amazon.  The  rainy  foists  of  the  tropw 
con  tarn  extraordinary  numbers  t»f  specias.  For  example,  near 
Ijagoa  Santa  in  Brazil » in  an  aresi  of  three  sqnai^^  miles,  there  are 
found  abont  four  hunth'ed  species  of  trees.  Xerophytic  plants> 
many  of  them  with  extremely  complete  adaptiilions  for  Bujiport- 
iiig  life  for  long  peritjdB  without  water,  are  characteristic  ot 
tropical  tleserts,  wliile  many  uf  the  mo,st  decided  hydrophytes 
among  land  plants  are  found  in  the  dripping  sii1>*tropie-al  fore.st 


.-^■^ 


Fig,  807.    Hi  Us  of  driftoJ  ^Jtoiil  in  ihe  iSahara 
After  W.  M.  DjivIs 

interioi^s,  Throiightnit  a  Inrge  piirt  of  the  belt,  reaching  five 
degrees  each  way  from  the  equator,  there  are  daily  raina  the 
year  i^mnd. 

461,  Vegetation  of  temperate  regions.  We  are  all  famihar  in 
a  general  way  with  the  nature  of  the  plant  life  of  the  north  tem- 
perate zone ;  that  of  the  south  teiniterate  is  in  mast  ways  similar 
to  our  own.  Mast  of  the  annuals  and  biennials  ai*e  of  a  metlium 
type,  not  decided  xerophytes  nor  hydrn]jhytes,  tmd  the  peien- 
nials  are  mainly  tropophytes.  There  ai'e.  no  desert  areas  ih>  lai^e 
or  so  nearly  destitute  of  plants  as  tlmse  found  in  sult-tropical 
re^ion^,  neither  aru  thero  nny  sut  h  luxuriant  growths  as  occur  in 
the  rainy  forest  regions  of  the  tropics*  On  the  other  hand,  the 
largast  trees  on  earth,  the  giant  retlw(^T<ls,  or  Seqmias  {Fig.  33), 
occur  in  the  temperate  portion  of  North  America^  ahmg  the 
Sierra  Nevada,  and  the  taller,  thougli  less  liulky,  gum  trees 
{BumlypUis)  o(  Australia  grow  in  a  wiirm  temperate  region. 
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462.  Temperate  plant  associations  due  to  special  conditions 
of  soil.  Even  where  the  climate  is  a  moderate  one  as  regards 
temperature  and  rainfall,  peculiar  soils  may  cause  the  assemblage 
of  exceptional  plant  associations.  Some  of  the  most  notable  of 
such  associations  in  temperate  North  America  are  those  of  the 
salt  marshes,  the  sand  dunes,  and  the  peat  bogs. 

In  salt  marshes  the  water  supply  is  abundant,  but  plants  do 
not  readily  absorb  salt  water  by  their  roots,  so  that  the  plants 
which  grow  in  salt  marshes  usually 
have  soiuething  of  the  structure  and 
appearance  of  xerophytes.  Some  of 
them  are  fleshy  (Fig.  368),  and  some 
species  are  practically  leafless. 

Sand  dunes,  whether  along  the 
seacoast  or  near  the  (heat  I^akes, 
offer  a  scanty  water  supply  to  the 
r(M)ts  during  much  of  the  year,  and 
the  soil  water  contains  less  of  the 
raw  materials  for  plant  food  than  is 
offered  by  that  of  ordinary  soils. 
Many  grasses  thrive,  however,  in 
these  shifting  sands  (Plate  I),  and 
some,  like  the  beach  grass  (Atn- 
inophila)  of  the  Atlantic  coast  and 
the  Great  Lakes,  will  continue  to  grow  upward  as  the  sand  is 
jaled  about  them  by  the  winds,  until  they  have  risen  to  a  level 
of  a  hundred  feet  above  the  starting  point. 

Tlie  water  of  pe^it  bogs  contains  little  mineral  matter,  and 
only  a  very  scanty  supply  of  nitrogen,  in  the  form  of  nitrates 
dissolved  in  it.    Tlie  lK)g  plants,  therefore,  must  either  get  on 
with  an  exceptionally  small  supply  of  nitrogen,  or  t      r  mi 
get  it  from  an  unusual  source.    The  peat  m<  ' 

former  alternative,  while  the  sundews,  the  pi 
some  other  species  ado])t  the  latter  and  deri^ 
supply  largely  from  insects  which  they  catch, 


Fh;.  3(58.    A  halophyte 
{SaUcornin) 
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463.  Arctic  vegetatioii.  The  seed  plants  of  the  arctic  flora 
are  mostly  perennials,  never  trees,  though  many  of  the  species, 
as  the  willow,  alder,  and  birch,  belong  to  groups  that  are  trees 
in  other  r^ons.  By  the  large  bulk  of  the  imdergroimd  por- 
tion as  compared  with  that  of  the  part  above  groimd,  they  are 
adapted  to  a  climate  in  which  they  must  lie  dormant  for  not 
less  than  nine  months  of  the  year.  The  flowers  are  often  showy 
and  appear  very  quickly  after  the  brief  summer  b^ins.    Mosses 


Fig.  369.  A  plant  of  arctic  willow 
About  natural  size 

and  lichens  are  abundant,  —  the  latter  of  economical  importance 
because  they  furnish  a  considerable  part  of  the  food  of  reindeer. 
464.  Mountain  or  alpine  vegetation.  In  a  general  way  the 
effect  of  ascending  a  mountain,  so  far  as  vegetation  is  concerned, 
is  like  that  of  traveling  into  colder  regions.  It  was  long  agO  sug- 
gested in  regard  to  Mount  Ararat,  that  on  ascending  it  one  trav- 
ersed first  an  Armenian,  then  a  south  European,  then  a  French, 
then  a  Scandinavian,  and  finally  an  arctic  flora.  Up  to  a  certain 
height,  which  varies  in  different  latitudes,  the  slopes  of  moim- 
tains  are  very  commonly  forest-covered.    The  altitude  up  to 
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which  trees  can  grow,  or  as  it  is  commonly  called  in  tliis  coun- 

I  try  the  *'  timl)er  line/*  is  sonu^whut  over  twelve  thousand  feet 
in  the  ec|iidtoriftl  Andea»  and  lessens  in  liigber  latitudes  as  one 
goes  either  way  from  the  equator,  until  in  the  arctic  regions  it 
breaches  sea  level.  In  the  Wnte  Mountains,  for  instance^  the 
'timber  line  only  rises  to  about  ktrly-five  hmidred  feet.  Tlie  seed 
plants  of  alpine  region h  in  all  j^arts  of  the  earth  have  a  f>eeidiar 
and  characteristic  appearance.    It  is  easiest  to  show  how  such 


Flu.  870,  Tret*»  near  tliw  timber  lioe  on  Ll«>  alop*' 
After  W.  M.  Davi» 


[■:;•!    ^     I'rvlk 


1>tEUtH  dUfer  from  those  of  the  same  species  as  they  look  when 
jrowitig  in  ordinary*  situations  by  reference  to  the  plants  them- 
lelves  or  U*  gmnl  [lietureJ*  of  them  (^ee  Fig.  372).  The  dltferenees 
between  alpine  and  nnn-alpine  plants  of  the  same  or  closely 
related  sj^ecias  have  l«ien  summed  up  as  follows^:  *' The  alpine 

terns,  smallt*r  leaves,  more  strongly 

rge  or  somewhat  larger  and  usually 

jmewnat  more  deeply  colored  flowers,  and  their  whole  structure 


c*ply  colored  f 
drutight-loving  (xerophilous)*' 


By  A.  F.  W.  Srhimix*r. 


Fm,  371,   Decease  in  ai^e  of  trees  at  bigh  eWvatiotis  (CaTifwiian  Rockies) 

Where  the  prevailing  wiiids  eome  maiidy  from  luie  fiuarter, 
all  the  trees  of  eoiisiileralile  areas  liiay  be  inelined  stroiiglj  in 
one  direction,  as  in  Plate  XL* 

^  Ttiis  phenonieuon  b  fildo  veiy  notiueable  abag  manj  coamtsL 
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The  gradual  diminution  of  the  height  of  the  trees  on  ascend- 
ing a  mountain  is  well  shown  in  Fig.  371.^  The  treeless  charao- 
ter  of  the  mountain  summit  is  also  plain. 

Kecent  experiments  have  shown  that  many  ordinary  plants 
promptly  take  on  alpine  characteristics  when  they  are  transferred 
to  moderate  heights  on  mtmntains.  For  instance,  a  rather*  com- 
monly cultivated  sunflower,^  when  planted  at  a  height  of  about 
sixty-five  h  u  n  d  r e  d 
feet,  instead  of 
having  a  tall,  leafy 
stem,  produces  a 
rosette  of  very  hairy 
leaves  lying  close  to 
the  ground,  thus  l)e- 
ccmiing  almost  un- 
recognizable as  a 
sunflower.  The 
change  is  even 
greater  than  that 
shown  in  the  rock 
rose  (Fig.  372)  cuUi- 
vated  by  the  same 
experimenter.  T  h  e 
peculiarities  of  alpine 
plants  ap[)ear  to  Ikj 
due  mainly  to  the  in- 
tense light  which 
they  receive  during  the  daytime,^  to  the  strongly  drying  char- 
acter of  the  air  in  which  they  grow  ((hie  jiartly  to  its  rarefaction), 
and  to  the  low  temperature  which  they  must  endure  at  night. 

1  Part  of  the  diminution  is  only  appanMit,  —  the  effect  of  distance,  —  but 
the  growth  at  the  hijjhest  levels  is  often  less  than  waist  hi^h. 

*  Ilelianthus  tuberosns^  the  WM-alled  Jerusjilem  artichoke. 

•  Tlie  oxperimentH  of  Professor  Fre(leric  K.  Clements  on  Pikes  Peak, 
however,  seem  to  show  that  li^ht  is  not  a  principal  factor  in  the  pnHlucticm 
of  alpine  characteristics  in  plants. 


Vui.  872.  Two  plants  of  rock  rose  (Ilelianthemum) 

.1,  low  ground  form;  /?,  alpine  form.    Koth  <lrawn 
to  the  same  B<rale 


k 


465.  Aquatic  vegetation.    Plants  which  live  wholly  in  water 

<}ften  need  a  kss  cfimplicatecl  system  uf  organs*  than  knd  plants. 
Tme  TixM  may  be  dispensed  with  allt^Bther,  as  in  many 
Beaweed^i  in  most  f rash- water  alga^,  and  in  some  seed  plant^^. 
Many  such  plants  have  mei-e  holdfasts  that  keep  them  from 
l>eing  wai^ihed  out  of  place.  In  tlie  duckweeds  (Fig.  ^^55)  the 
iNwta  answer  the  purjjose  of  a  keel  and  ktiep  the  fiat  expanded 
part  of  the  plant  from  turning  bjttom  up.  Tlie  tissues  that 
»erve  tti  strengthen  the  plant  iKwly  ai^  not  much  develo{>ed  in 
Rubmei^ed  aquaties,  smcie  the  water  supports  luo^st,  if  not  alt 
of  the  weight  of  the  plant,  Stomata  are  absent,  and  the  alisorp- 
tion  of  carbon  di(*xide  and  givino;  otf  of  oxygini  go  on  directly 
thr<ju^di  the  delicate  cell  walls,  uapl"oteete<:l  by  an  epidermic 
(Fig,  354  B).  8ubmerge<i  aquatic  seed  plants  occur  in  consider* 
able  abundance  in  sea  water  as  well  as  in  fresh  waters,  but  the 
marine  fiuni>s  d(^  not  iiu'lude  tnany  species* 

466,  Influence  of  rainfall  in  deternilning  regions  of  vegeta* 
tlon.  While  the  mean  annuul  tempcruLure  and  tlie  extremes  of 
heat  and  cold,  humidity  of  the  air,  force  and  direction  of  winds, 
elevation  above  sea  level,  and  nature  of  the  soil  are  all  factors 
in  determining  the  boundaries  of  regions  of  vegetation,  there  is 
no  factor  more  important  than  the  annual  rainfall.  Of  course 
the  rainfall  itself  is  largely  determined  by  several  of  the  other 
circumstances  above  mentioned. 

In  the  United  States  this  varies  greatly,  the  yearly  averages 
for  some  of  the  most  important  areas  being  about  as  follows : 

AvEKAGE  Rainfall  per  Yeak 
Region  Inches 

Xew  England  and  Middle  States 43 

Eastern  Gulf  States .55 

Ohio  basin 44 

Missouri  basin 31 

Rocky  ^loiintains,  middle  of  eastern  slope     ....     20 

Rocky  Mountains  plateau,  middle 9 

Pacific  sloj.>e,  northern  portion 37 

Pacific  slope,  southern  portion 10 
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It  is  evident  that  the  rainfall  increases  southward  along  the 
Atlantic  coast,  but  that  on  the  Pacific  coast  it  diminishes  south- 
ward. Passing  from  either  coast  inland,  one  finds  the  niinfall 
diminishing  until  it  reaches  a  minimum  in  the  Rocky  Mountain 
r^ion. 

467.  Plant  geography  of  the  United  States.  All  of  the  con- 
tinuous territor}'  of  the  Ignited  States  ^  lies  in  the  north  tem- 
perate zone.    There  is  material  for  volumes  in  the  discussion  of 


Fh..  ^^7:^.   Annual  rainfall  of  the  Tnitfcl  States 

T>arkest  Rhwle,  over  «(» iiu-ln'8;  lijjhter  vertical  lines,  from  M)  inches  to  HO  inches; 
horizontal  lines,  from  l!(>  inches  to  4(>  inches:  blank,  from  10  inches  to  liO  inches; 
(lotteii,  less  than  1(»  inches.  —  After  W.  M.  Davis 

the  distribution  of  |)lants  over  our  territorv  in  this  contnient 
alone,  Imt  it  is  iM>ssil)lc  to  sum  up  a  Inief  outline  of  the  matter 
in  a  few  paj^'cs.  Kxcludinj^  the  floras  of  many  sin«^de  mountains 
and  mountain  ranj^'es,  the  land  surface  of  the  country  may  for 
botanical  purposes  be  divided  into  four  ^reat  areas,  as  follows: 
The  forrsf  rnjion.  This  occui)ies  the  eastern  and  central 
}H)rtion  of  the  United  States.    It  is  ]>ouiided  on  the  west  by  an 

1  That   is,   not   cnuntin«:  in   Alaska,   our  West    Indian   iM^ssessions.   the 
Hawaiian  Islands,  or  the  Philippines. 


PLANT  GEOGRAPHY 

irregular  line,  most  of  which  is  east  of  t!ie  hundredth  meiidtaDp 
In  f^onie  places  tliis  forest  boundary  lies  considerably  east  of 
tht*  Mississippi  liiver,  while  in  others  it  extends  from  the  river 
five  liundred  milea  or  more  to  the  westwaixl. 

Tht  plams  retjioji.  This  stretches  westward  from  the  refrion 
above-named  to  the  Rocky  Mountain  plateau. 

The  Sock^  Mo-Urntam  regiotu  Tliis  incluttes  the  Rocky  Moun- 
tains, the  Sierra  Nevada,  and  the  various  plateaus  between 
them. 

jrA€  PaeiJi'C  slope.  This  extends  from  the  Cascade  Sange  luid 
the  Sierra  Nevada  to  the  sea. 

468,  The  forest  region.  The  forest  i-egion  is  mainly  remark- 
al)lc  for  its  great  variety  of  hardwood  trees,  of  which  it  contains 
a  larger  number  of  u^ful  species  than  any  er^ual  area  of  the 
earth  with  a  temf^emte  climate.  Perhaps  the  most  important  of 
these  are  the  oaks ;  Ijiit  other  genera,  such  as  tlie  hickory,  the 
tulip  tree,  and  the  sassafras,  are  more  characteristically  Ameri- 
can. In  the  northeasterly  portion  there  are  extensive  forests  of 
the  cone-bearing  evergreens,  such  as  pines,  spruces,  hemlocks, 
and  cedars ;  the  other  trees  which  accompany  these  are  mostly 
deciduous  hardwood  species.  In  the  southerly  portion  the  for- 
ests are  partly  of  coniferous  evergreens  (Fig.  392)  and  partly  of 
deciduous  mesophytes,  such  as  hickories,  l)eeches,  oaks,  elms, 
hackberries,  magnolias,  and  sycamores.  There  is  also  a  consider- 
able admixture  of  such  hydrophytes  a's  the  water  hickory,  the 
sweet  bay  {Magiiolia),  the  anise  tree  (Illicinm),  the  custard  apple 
(Anona),  the  red  bay  (Perserx),  the  loblolly  bay  {Gordonia),  and 
the  sour  gum  {Nyssa),  due  to  the  mild,  moist  climate. 

This  region  was  never  completely  forest-covered.  Areas  of 
prairie,  so-called  "openings"  in  the  hardwood  forests  (Fig.  393), 
extensive  marshes,  and  some  heaths  have  for  ages  been  treeless, 
or  nearly  so.  Generally,  in  the  older  states,  the  land  most  desir- 
able for  cultivation  has  been  tilled  so  long  that  it  is  difficult  to 
find  portions  in  anything  like  their  primitive  condition.  It  is 
only  in  broken  country  like  that  of  the  mountainous  regions 


i 


I  d^sd^j 
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of  eastern  Tenneasee  and  North  Carolina,  the  Adirondacks  and 
the  White  Mountains,  in  swampy  river  valleys,  in  a  few  great 
marshes,  or  in  sterile,  sandy  pine  barrens,  that  one  can  find  the 
original  flora  in  its  natural  condition. 

Comparing  our  forest  r^on  with  the  parts  of  Eiirope  which 
resemble  it  most  in  soil  and  climate,  our  flora  differs  notably  in 
possessing  such  leguminous  trees  as  the  locust  and  the  honey 
locusts,  in  the  abundance  of  members  of  the  heath  family,  and 
in  wealth  of  Composites,  especially  asters  and  golden-rods. 

In  very  many  instances  our  eastern  flora  when  it  differs  most 
notably  from  that  of  Europe  greatly  resembles  that  of  China  and 
Japan.  This  is  undoubtedly  due  to  the  fact  that  these  American 
species  and  kindred  Chinese  and  Japanese  ones  had  in  an  earlier 
geological  age  a  common  ancestry. 

On  account  of  the  great  ^l^ngth  of  the  territory  along  a  north 
and  south  axis  and  the  diversified  nature  of  its  surface,  the  flora 
of  the  forest  region  varies  from  a  sub-tropical  one  in  southern 
Florida  to  one  with  a  plentiful  sprinkling  of  sub-arctic  species 
along  portions  of  the  northern  border,  particularly  on  the  liigher 
mountains. 

469.  The  plains  region.  This  region  rises  with  a  gradual 
ascent  from  the  prairies  (some  of  wliicli  occur  from  Ohio 
westward  and  over  great  areas  border  the  west  bank  of  the 
Mississippi),  until  an  elevation  of  five  thousand  feet  or  more  is 
attained,  when  the  plains  reach  the  Kocky  Mountain  system. 
There  is  no  sharply  defined  line  of  demarcation  between  the 
prairies  of  western  Kansas,  western  Iowa,  Minnesota,  Nebraska, 
and  South  Dakota,  with  less  than  20  per  cent  of  the  surface 
wooded,  and  the  high  plains,  wholly  treeless  except  along  the 
streams  (Plate  IX,  upper  figure),  that  flank  the  eastern  border 
of  the  Rocky  ilountains.  The  lack  of  trees  in  the  prairie  and 
plains  region  has  l>een  attributed  to  various  causes,  but  the  prin- 
cipal ones  are  doubtless  forest  fires,  the  scanty  rainfall,  and  the 
occurrence  in  winter  of  severe  drying  winds,  at  a  time  when 
the  roots  can  draw  no  moisture  from  the  frozen  soil. 


THE  ROCKY  MOUNTAIN    REGION  493 

The  vegetation  of  the  prairies  consists  primarily  of  a  con- 
siderable number  of  vigorous  sod-forming  grasses  intermixed 
with  many  other  seed  plants.  Notable  among  these  are  several 
species  of  the  pea  family,  many  golden-rods  and  asters,  and 
some  larger  Composites,  such  as  sunflowers  and  rosinweeds 
(SUphium),  Especially  striking  is  the  display  in  late  summer 
and  autumn  of  many  showy  Composites,  such  as  the  blazing 
star  (Liatris),  the  cone  flower  {Rudheckia),  and  the  tickseed 
{Coreopsis), 

The  vegetation  of  the  high  treeless  plains  is,  in  the  eastern 
portion  (Plate  IX,  lower  figure),  characterized  mainly  l>y  the  close 
mats  of  the  short,  xerophytic  buffalo  grasses  and  grama  grasses 
of  a  grayish-green  color.  Among  these  grasses  are  scattered 
prickly  pear  cactuses  {Opiintm),  milkweeds  {Asclepias),  and 
thistles.  After  the  drying  up  (jf  the  grasses  in  early  tJuly,  there 
is  sometimes  hardly  any  living  vegetation  left  above  ground 
except  that  of  the  cactuses. 

Toward  the  Iiocky  Mountains,  as  the  soil  l)econies  more  alka- 
line, various  si)ecies  of  wormwood  or  sagebrush,  and  members 
of  the  pigweed  family  {Chenopodiaccir)  become  predominant. 
Tlie  universal  sagebrush  (Artemisia  trident  a  ttt)  plainly  shows 
its  xerophytic  character  l)y  its  deei)-reacliing  roots,  its  reduced 
leaf  area,  and  its  strongly  hairy  surface. 

470.  The  Rocky  Mountain  region.  The  Rocky  Mountain 
r^on  includes  a  very  great  variety  of  i)lant  formations,  from 
the  heavily  woixled  mountain  slopes  and  valleys  to  high  sterile 
plains  which  are  almost  deserts.  Cone-bcariiig  evergreen  trees, 
especially  the  true  sjnuces,  the  "Douglas  sj)ruce"  {PseudotsiKja), 
and  several  pines,  are  very  characteristic  of  the  forests  (Plate 
XII).  Great  numbers  of  alpine  species  of  herbs  and  shrubs  are 
found  on  the  mountains  at  and  above  the  timber  line.  In  the 
"  alkali "  r^ons,  where  the  soil  is  trn)  full  of  mineral  salts  to 
permit  ordinary  plants  to  grow,  many  kinds  of  halophytes,  such 
as  the  salty  sage  (Ainplcc),  the  greasewood  (Sarcobatus),  Salt- 
comia,  and  Sticeda,  occur. 
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Mnst  notable  aiiiong  the  sTliiie  aitjaa  is  the  Great  Basin,  west 
ol  the  (Jreat  Salt  Lake,  a  dreaiy  regiini  iii  genera],  destituta  of 
iiatutal  ^niHH  laiuls  ur  trees,  but  with  a  scattered  vegetatiua  of 
h>w  gray  ov  dull  green  shrubs  and  herbs.  In  the  lower  highly 
alkaline  valleys  aR^  found  such  halophytic  species  as  tliose 
above- named,  while  the  drier  valleys  and  foothdls  are  ho  me  what 
evenly  fjovered  with  sagebruslu 

In  tlie  S<mth,  caetusei^,  paliuR,  and  tree  yuce-as  abound,  Wliei^ 
ever  the  soil  is  gravelly  tlu'ouj^hout  the  nsouthem  arid  rugiou,  up 
to  an  elevation  of  tive  thouBand  feet  or  Bomewhat  niorep  the 
crecisote  bush  {Lama  trUUntuta)  18  often  a»  exidusive  in  its 
weupaney  of  the  gi^ouiul  as  the  sagehi'ush  it4  in  tlie  central 
and  mil  thern  parts  of  the  CJreat  Kiisin. 

Hei-e  ai-e  some  of  the  mowt  notable  arid  regions  of  the  United 
States,  such  as  the  Mohave  I  >esert,  tlie  Uiilston  Desert,  and  the 
Colomdo  Desert  of  southern  California,  Tlie  intense  dryness  of 
such  areas  may  be  understeMxl  from  the  fact  that  tbe  average 
rainfall  of  ten  fif  tlu.^se  deserts  is  only  Hvt-  inches  a  yeur,  and  the 
temperature  in  one  of  them  (at  Fort  Yuma,  Arizona)  remains 
for  weeks  as  high  as  118°  during  the  day,  with  sometimes  only 
a  little  over  one  half  inch  of  rain  a  year. 

471.  The  Pacific  slope.  The  Pacific  coast  region  offers  far 
less  marked  contrasts  between  the  summer  and  winter  temper- 
ature than  are  found  along  the  Atlantic  coast. 

On  the  other  hand,  there  is,  in  the  southern  portion  of  the 
region,  a  sharply  defined  division  of  the  year  into  a  dry  and  a 
rainy  season.  At  San  Diego  the  dry  season  begins  with  April 
and  lasts  for  seven  months.  The  development  of  vegetation, 
therefore,  as  in  the  northerly  part  of  the  plains  region  east  of  the 
Rocky  Mountains,  is  most  rapid  in  spring  and  largely  ceases 
when  the  soil  has  become  parched  by  the  summer's  heat. 

The  flora  of  the  Pacific  slope  is  best  known  by  its  extraordi- 
nary coniferous  evergreen  trees.  In  the  moss-carpeted  woods  of 
the  northern  portion  (bounded  on  the  south  by  the  forty-first  par- 
allel) are  found  the  Port  Orford  cedar  {Cupressus  Lawsoniana), 
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the  red  cedar,  the  tide-land  spruce  {Picea  siteherms),  and  the 
hemlock  spruce  (Tsuga  heterophylla).  In  places  there  occur 
dense  thickets  of  hazel  and  maple,  or  of  shrubs  of  the  heath 
family. 

In  the  southern  portion  of  the  Pacific  slope  (from  the  forty- 
first  to  the  thirty-fifth  parallel)  are  found  the  well-known  Cali- 
fornia evergreen  conifers,  such  as  the  sugar  pine  (P.  Lambertiana) 
of  the  coast,  the  yellow  pine  (P.  ponderosa),  and  in  the  moim- 
tains  the  smaller  redwood  {Sequoia  semper virens)  and  the  giant 
redwood  (*S'.  giyantea.  Fig.  33),  the  largest  and  by  far  the  most 
monumental  of  trees. 

Among  the  characteristic  features  of  the  California  flora  is 
the  abundance  of  xerophytic  shrubs  and  small  trees,  many  of 
them  broad-leaved  (not  coniferous)  evergreens,  forming  the 
chaparral  thickets.  Among  these  are  members  of  the  oak,  the 
rose,  the  sumach,  the  heath,  the  buckthorn,  the  composite  family, 
and  many  others. 

In  southern  California,  on  account  of  the  long  dry  season, 
plants  with  large  roots  or  rootstocks,  and  buU>-bearing  plants, 
many  of  them  belonging  to  the  lily  family,  are  abundant. 

In  the  deserts  and  on  their  borders  are  numerous  cactuses 
and  other  succulent  forms.  Among  the  most  characteristic 
desert  plants  are  the  Spanish  bayonets,  or  Yuccaa,  some  of 
them  tree-like  in  fonn  and  size. 
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CHAPTER  XXXIX 
VARIATION,  MUTATION,  AND  ORIGIN  0¥  SPECIES 

472<  Variations  of  plants.  One  of  the  foundation  principles 
of  scientific  farming  and  gardening  is  that  seeds  will  grow  into 
plants  like  those  which  produced  thtiiti.  Not  only  iss  it  assumed 
that  grains  of  corn  will  grow  into  corn  plants  and  beans  into 
bean  plants,  hut  also  that  any  special  variety  of  sweet  corn  will 
produce  its  like,  yellow-e)'ed  lieans  their  like,  and  so  with  mul- 
titudes of  familiar  wises.  Closer  oliservation,  however,  shows 
that  no  two  of  the  hundreds  or  thousands  of  plants  raised  from 
the  seeds  of  a  single  pai'ent  plant  will  be  exactly  like  each  other 
or  the  parent  Generally  the  variations  are  very  slight,  and  incust 
of  them  fail  to  continue  tliemselves  in  succeeding  generations 
so  aa  to  establish  new  varieties  of  plants. 

473.  Variations  in  one  direction.  While  variation  generally 
goes  on  in  all  directions,  so  that  one  of  a  brood  sprung  from  a 
given  parent  will  be  smaller  and  another  larger,  one  more  and 
another  less  hairy  than  the  parent  plant,  and  so  on,  it  is  not 
uncommon  to  find  what  may  be  called  dejinite  variation,  m 
which  the  changes  all  lead  toward  a  definite  new  type.  The 
behavior  of  lowland  forms  planted  in  alpine  regions  (Sec.  464) 
is  a  good  instance  of  the  kind.  It  is  well  known,  too,  that  seed 
from  northern  localities  when  planted  farther  south  will  produce 
earUer  crops  than  can  be  obtained  from  southern  seed.  American 
varieties  of  onion,  after  being  grown  for  a  series  of  years  in  Eng- 
land, become  habituated  to  the  longer  mild  season  there,  and 
when  the  seed  is  brought  back  to  America  the  plants  grown  from 
it  fail  to  mature  their  bulbs  before  the  coming  of  the  frost. 

Such  facts  as  these  seem  to  indicate  that  characteristics  wliich 
have  been  impressed  upon  the  plant  by  external  influences,  such 
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as  those  of  soil  and  climate,  may  be  transmitted  to  its  descend- 
ants. If  it  be  so,  then  the  origination  of  new  forms  of  plants 
by  the  inheritance  of  such  characteristics  must  be  extremely 
common. 

474.  Mutations  of  plants,  iluch  attention  has  lately  been 
given  to  the  occurrence  among  plants  of  seedlings  which  differ 
in  a  marked  way  from  the  parents.  It  would  involve  too  much 
detail  to  describe  the  exact  nature  of  the  differences  between 
the  seedlings  of  the  evening  primrose,^  which  has  been  most 
studied  in  this  connection,  and  its  offspring,  but  they  are  as 
great  as  those  between  an  apple  ti*ee  and  a  pear  ti-ee.  Such 
abrupt  and  extensive  changes  are  called  t/iutation.^.  A  few  of 
the  most  important  facts  so  far  known  in  regard  to  mutation  are : 

1.  New  species  2  appear  suddenly  among  the  offspring  of  the 
parent  form. 

2.  Tlie  individuals  of  the  new  s^x^cies  constitute  only  a  small 
per  cent  of  any  given  brood. 

3.  The  new  species  reproduce  themselves  accurately,  showing 
no  decided  tendency  to  return  to  the  parent  form. 

475.  Importance  of  adaptiveness  in  plants.  It  nuiy  Ih^  in- 
ferred from  Chapters  xxxi  and  xxxiv  that  a  invniiuni  is  sot  on  all 
changes  in  structure  or  habits  which  may  enal»lc  plants  to  resist 
their  living  enemies  or  to  live  amid  ])artially  ailverse  siuTound- 
ings  of  soil  or  climate.  It  would  take  a  volume  to  state,  even  in 
a  ver}'  simple  way,  the  conclusions  which  naturalists  have  drawn 
from  this  fact  of  a  savage  comjietition  going  on  among  living 
things,  and  it  will  be  enough  to  say  here  that  ////'  c.nstiiKj  kinds 
of  plants  to  a  great  degree  oim  their  strueture  and  hahitn  to  the 
operation  of  the  Htrugglefor  erisfenee,  together  with  their  response 
by  means  of  variation  to  ehanges  in  the  eundititms  hi/  whieh  they 
are  surronnded.  How  the  strugi^le  for  existenr(».  has  brought 
about  such  far-reaching  results  will  be  liriefly  indicattul  in  the 
next  section. 

'  (Ennthera  lamarrkiawi. 

2  For  a  d<'<lnili<»n  of  the  Utiii  nperiiH,  h<m«  Sic.  \m. 
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ORAVrER  XL 
PLANT  BREEDING 

478*  Defimtion  of  plant  breeding-  The  selection  and  mainte- 
nance oi  tliL^  most  desimble  varieties  of  cultivated  plants  must, 
to  some  extentp  have  occupied  the  attention  of  agriculturists 
during  all  the  thousandfi  of  years  since  farming  Itegan.'  From 
the  writings  of  \'ii'gil  and  other  l^itin  authors  it  i8  clear  that 
Roman  farmers  practiceil  careful  aelectioa  of  cereals  fur  seed, 
knowiug  that  without  this  tlunr  crops  would  diminish.  But  it 
13  otdv  within  a  short  j^eriod  tlmt  scientitic  [ainciples  have  li€«n 
brought  to  bear  on  the  pracesa  In  fact,  it  is  stated  that  the 
systematic  impTOvement  of  tams  of  cidtivated  plants  began  in 
the  middle  ^'f  tlv^  nineteentli  renturv.  Tlie  intentional  produo 
tion  and  perpetuation  of  new  varieties  is  known  as  plant 
breeding.  It  is  based  upon  the  methods  outlined  in  Sees.  479 
and  480. 

479.  Single  selection  and  continued  selection.  New  varie- 
ties of  plants,  whether  wild  or  cultivated,  are  constantly  beuig 
produced  by  ordinary  variation  and  by  mutation  (Sees.  472-474). 
In  a  single  field,  supposed  to  contain  only  one  kind  of  wdieat,  a 
trained  botanist  once  found  twenty-three  well-marked  varieties, 
one  of  which  became  the  parent  of  a  sort  that  has  remained  famous 
for  over  three  quarters  of  a  century.  The  plant  breeder  is  con- 
stantly on  the  watch  for  promising  varieties,  preserving  all  which 
seem  likely  to  be  of  use.  Wliile  it  is  a  slow,  uncertain  method 
to  await  the  appearance  of  variations  in  any  desired  direction, 
and  then  to  rely  on  the  perpetuation  of  these,  the  large  num- 
ber of  valuable  new  varieties  thus  secured  warrants  all  growlers 

1  In  China  the  cultivation  of  rice,  wheat,  two  kinds  of  millet,  and  soy 
beans  dates  back  at  least  4600  years. 
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in  being  on  the  lookout  for  variations  which  promise  new 
values.  The  surer  plan  is  to  take  seed  from  a  considerable 
number  of  parent  individuals  which  possess  the  desired  quality 
in  a  high  degree,  raise  plants  from  each  of  these,  discard  plants 
of  this  second  generation  from  all  parents  whose  progeny  does 
not  excel,  and  continue  selecting  from  these  superior  stocks. 
In  this  way  many  characteristics,  such  as  abundant  yield,  hardi- 
ness, early  ripening,  whiteness  in  the  case  of  flour,  increased 
percentage  of  sugar  in  sugar  beets,  or  improved  size  or  flavor  in 
tomatoes  may  l)e  secured  in  a  few  years  of  careful  breeding. 
This  may  be  called  the  selection  of  good  parent  plants. 

480.  Production  of  hybrids.  An  important  method  of  mak- 
ing new  varieties  is  by  crossing y  or  hybridizing,  —  that  is,  by 
pollinating  the  pistil  of  one  species  or  variety  with  pollen  from 
another  species  or  variety.  The  offspring  of  cross  pollination  is 
known  as  a  hybrid. 

The  process  of  crassing  two  species  is  comparatively  easy.  If 
plum  blossoms,  fur  example,  are  to  be  hybridized,  the  operator 
must  gather  enough  of  those  from  which  pollen  is  to  be  col- 
lected, brush  or  shake  off  the  pollen,  and,  if  necessary,  keep  it 
in  a  cool  place  until  needed.^  Most  of  the  flower  buds  are 
removed  from  the  tree  the  flowers  of  which  are  to  be  pollinated, 
and  just  l)efore  the  opening  of  those  buds  which  are  left  the 
corolla,  with  its  attached  anthers,  is  cut  away,  as  shown  in 
Fig.  375,  and  [K)llen  applied  to  the  stigmas  with  a  cameFs-hair 
pencil  or,  l)etter,  with  the  finger  tip.  If  fertilization  results, 
and  plums  with  go<Kl  seeds  are  produced,  they  must  l)e  planted, 
and  seedling  trees  growTi  from  them.  These  might  be  allowed 
to  grow  until  they  blossomed,  but  years  of  valuable  time  can 
be  saved  by  grafting  the  young  seedlings  upon  other  plum  trees. 
When  blossoms  of  the  hybrid  form  are  secured,  some  of  them 
may  be  fertilized  with  pollen  of  either  of  the  parent  species, 

1  Some  kinds  of  pollen,  as  that  of  the  pansy  and  the  peony,  ai*e  said  to 
remain  good  for  weeks,  and  that  of  the  date  palm  for  more  than  a  year;  but 
in  general,  pollen  should  be  used  as  soon  m  poalble. 
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,  375.    A  plum  bloi^otu  in¥- 
pared  for  hybridizing 
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and  others  with  pollen  of  different  species  of  plum.  All  of  the 
seeds  obtained  from  the  various  crossses  should  be  planted,  and  the 
seedlings  wliich  are  produced  by  them  should  be  examined^  and 
retained  or  destroyed  according  to  their  apparent  value.  To  the 
experienced  plant  breeder  the  ap[^»eanincie  of  the  seedling  trees, 
long  V^efoi-e  they  are  old  enough  to  blos!?om,  uidicates  so  much  as 

to  the  nature  of  their  fruit  that  many 
varieties  can  he  discarded  li^  soon 
as  the  young  plants  have  developed 
well*grawn  shoots.    The  distinctive 
work  of  hybridizing   is  to  secure 
parent  plants  better  than  any  whicli 
exist  in  the  fuundation  species  or 
varieties.    The  work  of  choosing  a   I 
large  numl>er  of  the  must  promising 
hybrid  plants  and  t»f  testing  their   , 
breeding  power,  so  that  only  the   I 
lilood,  so  to  speak,  of  the  very  best 
A,  unopened  blossom  cut  round  may  be  retained,  is  the  same  as 

just  below  the  insertion  of  the    ,  ,.  ,  i      .•  j.-         i 

stamens,  to  remove  the  latter;  breeding  by  selection  mentioned 
B,  lengthwise  section  of  a  fiUiy  above.    In  the  occasional   hybrid 

opened    blossom,    showing    the      ,      ^  .,  .  .      e  ^        .1 

level  s  at  which  the  cutting  plant,  possibly  oiie  out  of  ten  thou- 
shouid  be  done  sand,  are  combined  the  best  in  the 

two  parents,  or  possibly,  as  some  believe,  newly  created  char- 
acters may  arise. 

481.  Some  results  in  breeding  by  selection.  To  give  an 
account  of  the  results  of  selection  as  applied  to  cultivated  plants 
would  be  to  write  a  history  of  the  variations  and  improvements 
in  all  our  ornamental  and  useful  plants  under  cultivation.  In 
this  place  it  must  suffice  to  give  a  very  few  illustrations  of  the 
kind  and  amount  of  improvement  brought  about  by  such  selec- 
tion as  is  outlined  in  Sec.  479. 

482.  Selection  among  apples.  Much  of  the  improvement 
in  apples  was  brought  about  before  the  literature  of  plant  breed- 
ing began.    It  is  not  certainly  known  where  the  cultivated  apple 
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originated,  but  an  eatable  variety  probably  occurred  in  prehis- 
toric times  throughout  the  territory  extending  from  the  Caspian 
Sea  nearly  to  Europe.  Small  forests  of  wild  apples  have  been 
described  in  modem  times,  growing  near  the  southeast  end  of 
the  Black  Sea. 

The  dwellers  in  pile-built  houses  in  the  lakes  of  northern 
Italy,  Savoy,  and  Switzerland,  several  thousands  of  years  ago, 
laid  in  stocks  of  apples  cut  and  dried  for  whiter  use.  Some 
of  these  apples  appear  to 
have  been  cultivated,  but 
they  were  very  small, — 
inferior  in  size  to  any  mod- 
em variety  except  some 
crab  apples.  How  great  a 
gain  in  the  size  of  apples 
has  been  brought  about  by 
cultivation  and  selection 
may  be  inferred  from  Fig. 
376.  This  increase  m  bulk 
is  accompanied  by  a  de- 
crease in  the  number  of 
matured  fruits  in  a  cluster. 
Originally  several  of  the 
flowers  developed  into  ap- 
ples, but  in  mcxlern  im- 
proved varieties  usually 
all  but  one  of  the  llowers  fail,  as  is  sliown  in  tlie  case  of  tlie 
pear  (Fig.  83). 

Most  of  the  varieties  of  apples  in  our  present  orcliards  are 
descendants  of  seedlings  sprung  from  trees  intnKhiced  from 
western  Europe.  In  the  Northwest,  where  only  the  hardiest 
kinds  can  endure  the  severe  climate,  some  of  the  most  success- 
ful sorts  are  importations  from  central  Jiussia,  and  others  are 
from  seedlings  of  Russian  and  the  hardier  American  varieties,  or 
from  hybrids  produced  by  accident  or  design. 


Fig.  37(5. 


Kffcct  of  cultivation  ui)on  the 
size  of  apples 


The  Bismarck  apple,  with  a,  the  wild  Asiatic 
crab  apple  {Pynitt  baccata)^  and  6,  the  Eu- 
rojieau  wild  apple  (P.  malus).  All  half  nat- 
ural size.  —  After  Hcxlj^e 
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483,  SelectiOE  amoag  beans.   The  common  beau  {PhaseQlm 
tndguri^)  Ls  of  unotntaiii  arigin*  but  there  i^  a  good  deal  of  evU    ( 
deuce  tx>  show  lliaL  it  came  tVom  western  South  Ameriea,    lU    i 
cultivation  in  Europe  a]>pears  to  have  begun  soon  after  the  dis- 
covery of  America.    A 5  is  well  known,  the  numt)er  of  varieties     | 
in  enltivation  ia  very  large,  and  in  few  jdants  is  it  easier  than  in 
beans  Uy  ]>ri.uhm*  new  varieties  by  seleiiion.  I 

Betui  bret'tUn^'  for  the  large  seed&nien  ib  a  skilled  industry.    | 
It  is  8uid  that  a  aiu^dsman  may  even  advertine  a  new  kind  of 
lje.au  under  an  ivttraelive  name  l>efore  the  \'ariety  has  l^een  pro- 
duce<U  ihm\  orrlei"  it  of  Iiis  bean  gmvver,  and  in  the  course  of    ' 
twu  or  thret*  yean?  have  seed  i^ady  for  hi^  custoinei"s.    On  the 
(firm  of  one  large  bean  grower  nearly  TO  i:jlandard  varieties  aiv 
raised  for  seed  on  a  laiige  scale,  and  some  200  sorts  are  being 
tested  to  estaldish  their  value  or  to  produce  new  kinds.    All  pos- 
foible  pains  are  taken  by  means  of  high  cultivation  to  increase  the    , 
bearing  qualities  of  the  plants  and  also  to  encourage  \ariation.    \ 
Every  variety,  whether  a  sUindanl  one  or  a  ntivelty,  is  kept  to 
the  desired  type  by  the  careful  inspection  of  every  plant,  those 
which  fall  short  in  any  respect  being  carefully  destroyed. 

While  new  kinds  are  nowadays  generally  secured  by  scien- 
tific plant  breeding,  sometimes  valuable  sorts  are  obtained  from 
chance  seedlings,  as  in  the  case  of  a  well-known  dwarf  Lima 
bean  which  sprang  from  seeds  gathered  on  a  Virginia  roadside 
some  time  before  1885. 

484.  Selection  among  corn.  Indian  corn  was  cultivated  by 
the  ancient  Peruvians  and  the  Mexicans.  Its  original  home  as 
a  wild  plant  was  probably  on  or  near  the  west  coast  of  South 
or  Central  America.  Numerous  rather  permanent  kinds  which 
"  come  true  from  the  seed  "  (races) ^  such  as  field  com,  sweet 
corn,  and  pop  corn,  have  long  been  known,  and  some  of  these 
races  present  many  varieties. 

Scientific  corn  breeding  has  been  practiced  for  much  less  than 
a  generation,  but  the  results  already  attained  are  of  great 
practical  importance. 
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Leaving  out  of  account  the  ver>'  extensive  use  of  the  stems  and 
leaves  of  the  corn  plant  for  forage,  and  considering  only  the  value 
of  the  grain  produced,  corn  breeding  may  be  carried  on  to  secure, 
among  other  less  important  qualities,  the  following  results : 

1.  A  larger  yield  per  acre. 

2.  A  higher  percentage  of  any  one  of  the  three  principal  conHtitu- 
ents  of  the  grain,  —  starch,  proteids,  and  oil. 

3.  Early  maturing,  for  growth  in  the  more  northerly  8tate8. 


A  B 

Fig.  377.    Kernels  of  com  with  hlj^h  and  with  low  prot/.-id  <ontent« 

At  high  proteids;  B,  low  proteids;  />,  homy  layer,  consiftting  lar;£«'ly  of  proteidu; 
«,  white  starchy  portion;  e,  einbr\'o.  —  Aft^r  Vui\*irn\\y  tA  Illinoijs  A;<n<;ul- 
tural  Experiment  Station,  BuU^tin  So.  H7 

1.   Yidd,  The  com  crop  of  the  I'nit^d  Stal^-s  jv  worth  al>^>iit 
a  billion  dollars  a  year  for  the  grain  aloij<^    On  farnj>^  of  th<; 


Fio.  378.    Kernels  of  com 

Af  Ai,  rross  and  longthwifle 
oil  kernels;  p,  embryo, 
a  lar^c  embryo  means  A  Hfef 
no  is  A^^rieultural  ExporiMSal 
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gi'natcst  pnnlucing  state,  Illinois,  the  average  crop  is  hardly 
thirty  bu«liels  per  acre.  The  use  of  e.hait'e  aeed  has  beeo  foucd 
to  increa-^  thu  pru^luelitm  from  10  t<>  20  per  cent,  and  it  is  a 
moderate  estimate  which  aswumes  that  the  universal  use  of 
improved  eeed  would  adtl  10  per  ceat  to  the  total  eora  crop  of 
the  country.  Tliis  would  add  over  »1 00,000,000  to  the  annual 
receipts  of  our  com  growers. 

2.  Improved  qxtality.    In  eve  ry  1 00  pounds  of  ordinary  shelled 
com  there  are,  in  round  numbers,  alK>ut 


ft  lU.  embrvo  (i»f  ^hieh  !t  \\\.  are  oil)i 

111  lb*  glutton,  or  pvofceida  of  thf  fudos^ierm  j 

64  lb<  stiireh. 
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Thei-e  is  a  demand  for  a  limited  amount  of  corn  with  a  high 
per  cent  of  oil  as  a  source  of  corn  oil  At  the  Illinois  Agricul* 
tural  Experiment  Station  the  attempt  has  been  made  to  breed 
vnrietieR  of  c<irn  with  high  and  with  low  pereeutageR  of  oil. 
One  variety  was  secured  with  nearly  7  per  cent  and  another 
with  less  than  2  per  cent. 

In  the  same  way,  that  is  by  means  of  continued  selection, 
carried  through  many  generations,  varieties  with  much  or  little 
starch  can  be  obtained. 

3.  Early  mahtring.  Corn  was  originally  a  tropical  or  sub- 
tropical plant,  requiring  a  long  growing  season.  Quickly  matur- 
ing varieties  had,  however,  been  secured  by  the  native  races 
even  at  the  time  of  the  discovery  of  America  by  Columbus.  At 
present  there  are  varieties  ranging  all  the  way  from  the  eighteen- 
foot  kinds  that  require  a  growing  period  of  six  months,  to  the 
two-  or  three-foot  kinds  that  mature  in  ninety  days  or  less. 

The  most  important  problem  that  presents  itself  to  the  plant 
breeder  in  this  connection  is  that  of  increasing  the  yield  per 
acre  for  each  of  the  agricultural  regions  where  corn  is  produced, 
whether  in  the  North,  where  short-stalked,  early-maturing  kinds 
are  needed ;  in  the  great  corn  belt ;  or  in  the  South,  East,  or 
West,  where  varieties  are  needed  which  are  bred  to  make  the 
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best  yield  of  grain  or  of  fodder,  or  of  grain  and  fodder  combined. 
This  plant  is  being  especially  modified  for  many  agricultural 
regions  possessing  distinctive  soil  and  climatic  conditions,  and 
is  more  easily  adapted  to  locality  than  are  most  plants. 

485.  Selection  among  wheat.  Wheat  of  many  varieties  has 
been  cultivated  for  thousands  of  years  throughout  a  territory 
ranging  all  the  way  from  China  to  western  Europe.  The  origi- 
nal home  of  the  plant  is  not  known,  but  perhaps  it  was  in 
Mesopotamia,  between  the  Tigris  and  Euphrates  rivers.  In 
Europe  systematic  attempts  to  procure  improved  varieties  of 
wheat  by  selection  date  back  well  toward  the  beginning  of  the 
nineteenth  century.  Some  good  varieties  were  originated  in 
our  own  country  in  the  early  sixties,  but  more  wheat  breeding 
is  now  done  in  a  single  year  in  the  Agricultural  Experiment 
Station  of  a  great  wheat-raising  state,  like  Minnesota,  than  was 
done  in  the  whole  United  States  prior  to  1890. 

It  will  give  some  idea  of  the  extreme  care  witli  which  wheat 
breeding  is  now  conducted  to  give  the  barest  outline  of  the 
mode  of  procedure  in  the  Minnesota  Station. 

As  a  beginning,  10,000  good  kernels  of  some  desirable 
variety  of  wheat,  old  or  new,  are  carefully  chosen.  These 
grains  are  planted  4  inches  apart  (or  5  inches  for  winter 
wheat),  one  seed  in  a  hill,  and  every  plant  receives  a  number. 
About  95  per  cent  of  the  poorer  plants  are  weeded  out  by 
hand  before  harvesting  the  seed  wheat,  the  heads  of  the  re- 
maining plants  are  cut  off,  and  those  of  each  plant  are  preserved 
in  an  envelope.  After  drying,  the  heads  are  weighed,  and  those 
of  all  but  a  few  of  the  best-yielding  j)lants  are  thrown  away. 

The  second  season  there  are  sown  in  a  separate  plot  in  the 
wheat-breeding  nursery  about  a  hundred  seeds  from  each  of 
the  plants  chosen.  Each  of  these  hundred-groups  (renff/eners), 
sprung  from  a  single  motlier  plant,  is  given  a  distinguishing 
number.  When  the  wheat  is  mature  the  relative  size  and 
strength  of  the  plants  in  each  plot  are  noted  and  recorded, 
and  by  separately  harvesting  and  weighing  each  little  plot  the 
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breeding  power  of  each  parent  plant  is  measured  m  tenns  of 
the  average  at'  its  progeny,  A  select  head  is  chosen  from  each 
of  several  of  the  best  plants  in  every  plot,  and  the  seed  from 
these  is  saved. 

A  third  year  and  a  foiuth  year  hundred-gitmp  plots  ai'e  sown 
and  managed  as  just  described,  and  at  the  end  of  the  period  the 
most  promising  varieties  are  taken  to  field  trials-  Here  they 
are  tested,  under  ordinai^y  farm  conditions,  in  compaiisou  with 
tlie  wheats  cftinmonly  ^rown,  and  the  Ijest,  if  it  stands  severe 
milling  tests,  is  then  propagated  fur  disttilmtion,  under  suitable 
designatuig  numbers,  to  wheat  gi-owers  throughout  the  state. 

The  rate  at  ^vhich  new  vaneti<?H  can  he  propagated  may  be 
gathered  from  the  history  uf  one  of  the  most  famous  new 
wheats,  "  Mimiesnta  No.  163/*  a  variety  bred  by  selection,  Tliis 
sprang  from  a  single  grain  planted  in  1892,  In  1S93  the 
product  consisted  of  75  plants;  in  1894  a  smuU  field  plot  was 
grown;  in  189S  the  crop  amounted  to  some  300  bushels  of 
seed  wheat,  which  was  distributed  among  about  50  farmers 
throughout  the  state.  It  is  estimated  that  in  15  years  from 
the  time  of  planting  the  single  original  seed  the  entire  wheat 
crop  of  Minnesota,  covering  some  5,300,000  acres,  might  have 
been  made  to  consist  of  this  variety,  and  that  it  does  actually 
cover  millions  of  acres,  adding  about  two  dollars  per  acre  to 
the  value  of  the  crop. 

It  is  not  yet  possible  to  state  how  much  can  be  gained  in 
quality  and  quantity  of  wheat  production  by  careful  culture 
and  breeding.  But  it  is  interesting  to  note  that  in  a  good 
wheat  year  (1895),  when  the  average  crop  per  acre  on  the  Uni- 
versity of  Minnesota  farm  was  23  bushels,  there  were  4  im- 
proved varieties  wliich  yielded  over  40  bushels  per  acre.  In 
1896,  when  the  average  crop  for  the  state  was  14.2  bushels 
per  acre,  out  of  32  improved  varieties  on  the  Univer.sit}-  tarm 
there  were  24  varieties  which  yielded  21  bushels  jx^r  acre  or 
more,  2  of  them  yielding  33  bushels.  That  is.  three  quarters  of 
the  varieties  yielded  at  least   1^  times  as  finich  as  ordinary 
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wheat  on  other  farms,  and  2  varieties  yielded  about  2^  tinjes  as 
much.  The  yield  was  increased  on  the  farm  mentioned  both 
by  good  farm  management  and  by  breeding  into  the  varieties 
stronger  power  of  yielding. 

In  1902  one  of  the  improved  wheats,  "Minnesota  No.  169," 
was  given  an  extended  trial  in  various  parts  of  Minnesota,  It 
yielded  on  the  average  33  busliels  per  acre,  or  18  per  cent  more 
than  the  ordinary  varieties.  This  variety  probably  now  covers 
half  a  million  acres,  in  several  states,  and  yiekls  at  least  two 
dollars  per  acre  more  value  than  the  varieties  (mainly  the  "blue 
stem,"  its  parent)  which  it  is  rapidly  displacing  over  an  area  of 
several  million  acres  devoted  to  liard  spring  wheat.  The  impor- 
tance of  every  increase  in  production  is  evident  when  one  con- 
siders the  annual  value  of  our  wheat  crop,  from  $250,000,000 
to  $500,000,000. 

486.  General  results  of  hybridization.  The  relative  impor- 
tance of  hybridization,  and  of  continued  selection  alone  as 
means  of  securing  valuable  new  varieties  of  cultivated  ])lants, 
is  largely  to  be  worked  out  in  each  class  of  ])laiUs.  Plant 
breeding  as  a  science  is  too  new  to  give  material  for  answering 
nearly  all  the  (juestions  that  naturally  arise  in  regard  to  how 
varieties  may  ]>e  most  rapidly  improved.  Hybridiznig  often 
brings  about  great  changes  in  the  oll'spring,  and  there  are 
increased  chances  that  some  of  the  new  forms  will  be  more 
valuable  than  any  whieli  could  Ik^  discovered  among  the 
foundation  varieties.  In  the  case  of  s])eeies  ])er]K4uate(l  by 
grafting,  as  of  certain  trees,  and  ])lants  ])ro])agated  by  roots, 
rootstocks,  or  tuU'rs,  as  ])otatoes,^  it  is  very  easy  to  secure  ])ure- 
bred  stocks.  In  plants  grown  from  ^i^vd,  es]H*eially  if  the 
species  is  more  or  less  oi)en-]Mjllinated,^  there  is  always  a  most 
important  question  as  to  how  many  generations  must  elapse 
before  the  hybrid  varieties  can  be  selected  "  true  to  seed." 

1  Varieties  among  these  are  called  clonal  varieties  (from  don,  meaning  a 
cutting  or  scion). 

3  That  is,  if  the  flowers  are  open  to  cross  pollinatioii. 
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Some  of  the  most  important  results  in  variety  making  by 
hybridization  have  recent ly  l:^en  ohtained  in  exfieriments  4)u 
the  fruits  uf  the  ruse  family,  particularly  cherries,  plums,  aud 


t 


Fig.  380 

«,  a  stoneless  wild  plum ;  6,  c,  d^  fruit  of  hybrids  of  a  with  the  French  pnine. 
All  drawn  to  the  same  scale.  —  Modified  after  Burbank 

have  been  widely  discussed  in  the  popular  magazines.  He  has 
bred  some  remarkable  hybrids,  such  as  those  between  the 
strawberry  and  raspberry,  the  apple  and  blackberry,  the  petunia 
and  the  tobacco  plant.  These  are  of  little  use,  though  of  much 
scientific  interest.  Others  of  his  hybrids,  especially  the  plums» 
are  of  great  commercial  value.    Many  other  investigators^  whose 


a 

Jfm.  S7tK  Five  forma  of  leaf  from  bybrki  bla*;kberries,  all  gmwn  from  the 
Mi*t*d  of  out*  phiiit  itinl  ahowiiig  exti-ar^rdiuary  variatious  In  ttiu  amomjt  of 
indskm  in  tlie  mai*wins  of  the  leaflets,  fonuin^  a  regular  series  fmrn  a  Um 

Moitlhetl  aft«r  BiirbaAk  | 

apples,  and  the  citrous  fruits.    In  t\w  case  of  cotton  and  wheat 
mu(*h  eifective  wuvk  is  also  l)euig  done. 

The   extraordinary   successes   of  Luther    Burbank    in    pro 
dueing  new  hybi-id  varieties  of  fruits  and  orrmmental  flowers 
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results  have  not  received  popular  notice,  are  working  more 
directly  for  useful  hybrids,  and  a  few  of  these  may  be  very 
briefly  summed  up. 

487.  Results  of  hybridizing  citrous  fruits.  In  the  plant- 
breeding  laboratory  of  the  United  States  Department  of  Agri- 
culture in  1896  and  1897  hybrids  were  made  of  the  ordinary 
sweet  orange  and  the  uneatable  three-leaved  orange  {Citrus  trifo- 
liata).  Three  promising  varieties  of  a  new  kind  of  fruit  known 
as  citranges  have  thus  been  obtahied.  Two  of  these  are  Ukely 
to  serve  as  substitutes  for 
lemons,  and  the  third  may,  IIMa) 
to  some  extent,  take  the  '  W 
place  of  grape  fruit.  Their 
main  value  he^  in  the  fact 
that  they  can  be  cultivated 
from  two  hundred  to  four 
hundred  miles  farther  north 
than  ordinary  citrous  fruits. 

Another  interesting  hy- 
brid is  that  between  the  tan- 
gerine and  the  grape  fruit, 
called  the  tangelo,  wliicli 
shows  a  l)lending  of  the 
characteristics  of  the  par- 
ent sj)ecies. 

488.  Results  of  hybridiz- 
ing cotton.  The  cotton  pnxhieed  in  the  United  States  is  roiiglily 
classed  as  long  staple  and  slioil  staple.  The  tibersof  the  former 
kind  are  about  one  and  one-half  times  as  long  as  those  of  the 
latter.  For  many  kinds  of  goods  long  sta])h»  cotton  is  indisjKMi- 
sable,  and  its  price  is  from  one  and  one-lialf  times  to  nearly 
twice  as  great  as  the  i)rice  of  short  sta})le  cotton.  The  short 
staple  sorts  can  be  grown  over  a  nnicli  larger  territory  than  the 
others,  so  that  our  annual  production  of  long  stjiple  cotton  is 
only  about  one  and  one-half  i^er  cent  of  our  total  cotton  cro}). 


Fk;.  i^81.    The  tlowcr  of  the  wheat  plant 

J,  entire  Hower  as  seen  at  five  in  the  niorn- 
inj;,with  the  stamens  protruiiinjj:,  the  jnstil 
remaining  inside;  7/,  the  anther  enlarged, 
showing  escaping  poHen :  (\  the  pistil  en- 
larged, showing  the  feathery  stigmas. — 
After  University  of  Minnesota  Agrieult  ural 
Exi)orinient  Station 
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Hyhtids  have  h^en  made  between  the  very  kmg-fibered  fine  eea* 
island  species  aad  the  ordinary  upland  species,  and  after  six 
generations  of  selection  and  careful  cultivation  some  valuable 
hybrid  varieties  seem  to  have  been  developed* 

489*  Results  of  hybridizing  wheat.  The  flowers  of  wheat 
ai'c  natuially  iieU-pulliuated,- —  that  L^,  the  stamens  of  each  flower 
commonly  diseharge  their  pollen  u]x>n  the  feathery  stigma  oi 
their  own  flower  as  soon  a^  the  pollen  sacs  open.  This  fai^t 
makes  hybridization  much  more  effective  in  pTOducing  variation 
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Fig.  882.  Variation  in  wheat,  the  hybrid  offspring  of  hybrid  parents 

After  figure  redrawn  from  Transactions  of  the  Highland  and  Agricultural 
Society  of  Scotland 

in  wheat  than  in  plants  which  are  generally  cross-pollinated ; 
for  in  the  case  of  wheat  any  kind  of  cross  pollination,  and 
especially  that  between  markedly  different  varieties,  may  be 
said  to  give  a  sort  of  shock  to  the  operation  of  reproduction, 
and  thus  produce  abundant  variation.  The  details  of  the 
process  of  artificial  pollination  need  not  be  given.  It  is  suc- 
cessful in  a  large  proportion  of  cases,  and  the  offspring  may  be 
of  many  types,  as  shown  by  Fig.  382.  It  is  found  that  after 
the  fourth  generation  an  occasional  plant  may  be  found  which 
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yields  well  and  will  "  come  true  to  seed."  More  important 
results  may  be  expected  in  the  future  from  hybridizing  wheats 
than  any  yet  attained.^ 

*  The  literature  of  plant  breeding  is  extensive  and  rapidly  increasing.  An 
excellent  general  account  of  the  subject  and  full  bibliography  is  contained 
in  Plant  Breeding  by  L.  H.  Bailey,  The  Macmillan  Company,  New  York  and 
London,  1906. 

A  valuable  summary  of  the  main  topics  of  plant  breeding  is  contained  in 
Bulletin  No.  29^  1901,  of  the  Division  of  Vegetable  Physiology  and  Pathology 
of  the  United  States  Department  of  Agriculture. 

Much  information  is  also  given  in  Hugo  de  Vries,  Species  and  Varieties: 
their  Origin  by  Mutation^  Open  Court  Publisliing  Company,  Chicago,  1906. 

Other  publications  of  the  United  States  Department  of  Agriculture  on 
plant  breeding  are  : 

For  com,  Farmer's  Bulletin  No.  220,  1005. 

For  wheat,  Bureau  of  Plant  Industry,  Bulletin  No.  7S,  1905. 

Division  of  Vegetable  Physiology  and  Pathology,  Bulletin  No.  24, 1900. 
The  publications  of  most  of  the  Agricultural  Experiment  Stations  contain 
much  important  material  for  the  discus.sion  of  phmt  breeding.    A  few  of  these 
are  as  follows : 

For  eom,  University  of  Illinois  Agricultural  Experiment  Station,  Circular 
No.  74,  1904;  Bulletins  Nos.  5.7,  ,S2,  1002;  cS7,  1003;  100,  1005. 
Ohio  Agricultural  Experiment  Station,  Bulletin  No.  140,  1003. 
Kansas  Agricultural  College,  Bulletin  No.  107,  1002. 
Nebraska  Agricultural  Experiment  Station,  Bulletin  No.  91,  1005. 
For  wheat,  University  of  Minnesota  Agricultural  Experiment  Station, 
Bulletin  No.  62,  1800. 
Ohio  Agricultural  Experiment  Station,  Bulletin  No.  16'),  1005. 
The  authors  wish  toexpres-s  their  obli«:;Ui<>ns  to  all  the  authorities  above- 
mentioned.    They  have  also  to  thank  As.si.stant  Secretary  Willet  M.  Ilay.s, 
of  the  Department  of  Agriculture,  for  his  kindness  in  reading  and  copiously 
annotating  the  present  chapter. 


CHAPTEU   XU 
SOME   USEFUL   PLANTS   AND   PLANT   PRODUCTS 

490-  Economic  botany.  The  liraiicU  of  the  science  which 
treats  of  the  uses  o(  plants  to  raaii  is  chilled  economic  boimiif. 
Since  whole  industries  lijve  aj^ricuUure,  ImnhL^'in^;  pa^H^r  making, 
and  a  multitude  of  others  are  concenu^d  with  the  utiliiwition  of 
plants  4ir  parts  of  plaiiiy,  the  auhject  ia  a  most  extensive  une  and 
can  only  be  outliued  iu  a  geneml  tuxt-hook  of  botany* 

A  partial  classiticatiuii  of  useful  plant  pr^xluets  may  l)e  sug- 
gested, dividiug  them  into 

i,  Vood  products  for  lium&u  ust!. 

2.  Medicinal  plant**  nnd  |tiH.iit  produeti^ 

t{.   YoOil  products  fitr  (lainoHfir  imhnalRr  ^^^^^^^^^^ 

4.  Plants  used  as  fertilizers. 

5.  Plant  products  used  in  chemical  and  other  manufactures,  as  tan- 
ning, dyeing,  etc. 

6.  Plant  fibers  and  related  products. 

7.  Timber. 

8.  Fuel. 

9.  Ornamental  plants. 

In  general  only  those  members  of  the  classes  above  given 
which  are  of  considerable  impprtance  in  our  own  country  will 
be  mentioned  in  this  chapter. 

1.  FOOD  PRODUCTS  FOR  HUMAN  USE 

491.  The  grains  form  the  most  important  part  of  our  vege- 
table food ;  they  are  the  fruits  of  the  cereals,  or  food-producing 
grasses,  and  for  this  and  other  reasons  the  grasses,  which  in 
all  number  about  3500  species,  are  more  useful  to  man  than 
any  other  family  of  plants.    The  principal  genera  of  cereals  are 
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wheat,  oata,  rye,  barley,  rice»  and  Indian  corn.  Most  ol  the 
ceiieals  are  grassdike  herbs  of  mudemte  heigbtj  hut  corn  viirieB 
much  ill  Bize,  from  some  of  the  dwarf  varieties  of  pup  com 
nut  more  than  two  feet  higli  to  the  twenty-foot  Held  corn  of 
tha  rich  river  liottimis  of  the  Middle  West.  All  the  grains  have 
iiiiuiy  varietieSt  hut  the«e  are  mo8t  familiar  in  the  various  sorts 
of  wheat  — hanl,  soft,  red,  wliite,  bearded,  beardless,  and  so  on 
- — and  in  the  many  qualities  of  graio  of  Indian  corn  (see 
Chapter  XL). 

WTieat  19  the  most  im|>ortHiil  of  the  cereals^  on  account  of 
its  ]iahttai»leness,  higli  foml  vnhie,  and  ready  digestibility.    None 
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Fro.  ^8^    A  c^inififkl  in  Missoarl 
After  Fiye 

iif  the  other  grains  yield  a  flour  which  is  as  well  adapted  for 
bread  making  as  wiieat  flnun  Rice  is  readily  digestible,  but  is 
inferior  to  niust  grairrs  in  the  relative  pr<»p>rtion  of  proteids  to 
other  ingredients ;  n\\*\  <mts,  r>'e,  liarley,  and  Indian  corn,  as  usn- 
ally  itrepnred,  are  sonKnvhat  difficult  of  digeHtion,  Corn  meal 
when  iiu))erfcctly  Gnoke<l,  and  eaten  to  the  exclusion  of  other 
food,  has  often  given  rise  in  northern  Italy  to  a  much-dreaded 
disease  known  as  jwlhiffrff. 

The  United  States  is  the  leading  wheat-  nini  (*iirn-rai.^ing 
country,  prochicing  more  than  one  fourth  of  the  UtU\]  world's 
crop  of  the  former  grain  and  four  tifth»  of  the  latter 


516  USEFUL  PLAXTS  AND  PLANT  PRODUCTS 

Any  of  I  lie  grajtis  may  be  luade  to  yield  starch  for  food  or 
for  laundry  or  manufacturing  purpose;^,  but  the  greater  part  of 
that  pradiiced  iu  tins  country  is  obtained  from  corn,  which 
contains  about  i:)0  per  cent  of  it  Muldy  or  otherwiise  damaged 
grain  cMin  be  utilised  to  aomt  extent  in  starch  making. 

Ckirn  also  contains  in  tiie  embryo  of  the  grain  from  3  to  6 
or  more  per  cent  of  oilj  which  is  now  largely  extracted  for  ua« 
as  food  and  for  various  manufacturing  pur[Xkses. 

492.  Le^minous  seeds.  Several  kinds  of  seeds  of  the  pea 
.  family  {Irfjuminom)  — an  immense  family,  com  prising  some  7000 

Bcies  — are  important  articles  of  food.  Beans,  as  every  one 
cnowj),  arb  used  a^  ffxul  in  all  stages,  from  the  time  ^vhen  the 
pods  are  half  grown  until  Uui  seeds  arc  ontirely  riiie  and  dry. 
In  the  latter  condition,  when  properly  cooked,  they  constitute 
one  of  the  cheajif^st  and  most  coneentrated  forms  of  proteid  food. 

Teas,  whether  "  green '"  or  dr}'i  have  much  the  same  nutritive 
value  as  beans  in  the  same  stage  of  maturity.  Various  camied 
products  of  beans  and  of  peas  are  now  prepared  on  a  large  scale. 

Peanuts  are  the  seeds  of  a  leguminous  plant  which  forces  its 
growmg  pods  underground,  where  they  remain  during  and  after 
the  process  of  ri[)ening.  The  domestic  consumption  of  these  seeds 
is  large,  and  they  constitute  a  considerable  article  of  export. 

Several  other  kinds  of  leguminous  seeds,  such  as  broad  beans, 
lentils,  and  chick  peas,  are  extensively  used  as  foods  in  parts  of 
Europe,  but  are  not  as  yet  important  articles  of  diet  in  our  own 
country. 

493.  Other  seeds.  The  remaining  kinds  of  seeds  which  are 
important  as  food  are  mostly  known  as  nuts.  Some  of  these 
are  really  drupes,  like  the  cocQanut  and  the  walnut  (Sec.  183, 
Fig.  166,  V),  while  others,  like  the  Brazil  nut  and  chestnuts,  are 
seeds. 

From  the  palm  family,  which  is  of  supreme  importance 
within  the  tropics,  only  one  kind  of  so-called  nut,  the  cocoa- 
nut,  is  commonly  in  use  among  us.  The  abundant  endosperm 
of  its  seed  is  largely  eaten  raw  and  much  used  in  cooker)\ 
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Three  mtlier  closely  related  faiEilies  of  trees  —  the  walnuts, 
the  birches,  and  the  lieeches  —  furnish  most  of  our  edible  nuts. 
From  the  first  come  walnuts^  butteniuts,  i*t;eans,  and  hickorj' 
nuLs;  from  the  second,  hazelnuts  and  filberts;  and  from  the 
tliird,  beechimts  aiul  chestnuts* 

The  rose  family  furnishes  almonds,  which  are  technically 
Inj^^tes.  closely  rektt^d  to  |»eaches  (^^^*  1  ^*'^)- 

Brazil  nuts  are  the  seeds  of  lofty  South  American  ti-eea  of  a 
ropical  fatuily  allieil  tu  Uie  niiin^^ioves  and  the  myrtles. 


Fii;.  B84.    A  grov<i»  of  cocoa  palms  ta  tIip  riiilipjiinw 
Aft<?r  Frye 

494.  Chocolate,  tea,  aad  coffee.  These  fcimiliar  sykstanees 
are  derived  from  plants  of  iliree  different  families,  the  first 
two  lieing  somewiiat   nearly   related    tropical    or   suli-tropical 

ChocolaU^  consists  of  the  ground  or  cni^ht^d  seeds  of  the 
cacao  tree,  a  native  of  Wexictj,  now  widely  cuUivaL^xl  through- 
out the  tropics,  Removal  of  a  lar^n-  jmrt  of  the  animatic  fat 
liuowni  as  cacao  butter,  which  is  fon^idcraUly  used  in  medicine^ 
leaves  coc^^)a^  w^hich  forms  for  some  people  a  more  digestible 
beverage  than  chtxiolate. 
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Tea  is  made  from  the  leaves  of  a  shrub  long  cultivated  in 
China  and  Japan,  and  now  also  in  India,  Ceylon,  and  elsewhere. 
Unlike  chocolate,  tea  has  no  food  value,  but  is  a  mild  stimulant 
Coffee  is  made  from  the  seeds  of  a  small  tree  widely  culti- 
vated in  hot  countries  and  belonging  to  the  madder  family. 

The  seeds  are  pro- 
duced in  red  ber- 
ries, which  are 
thickly  clustered 
about  the  twigs  of 
the  tree.  Coffee 
has  only  a  trifling 
food  value,  but  is 
a  vigorous  stimu- 
lant, reenforcing 
the  action  of  the 
heart. 

495.  Fruits 
with  fleshy  pulp. 
The  kinds  of  fruit 
with  fleshy  pulp, 
some  eaten  raw 
and  others  re(|uir- 
i  n  g  cooking,  are 
so  numerous  that 
they  can  only  W 
mentioned  under 
the  families  to 
whiclltheybelont,^ 
From  tlic  p;iliiis  are  (»l)taintMl  dates,  wliieli  are  technically 
berries  witli  a  very  hard  see<l.  In  tlie  arid  portions  of  Africa 
and  nortliwe^ierii  Asia,  wlien*  tliey  irrow,  lliey  are  of  the  first 
iin]M)rtanrt>  as  food.  Succrssful  attempts  are  now  in  pro«^ress 
to  introduce  tlie  culture  of  tlic  dale  palm  into  the  desert  re^^'ions 
of  the  extreme  southwestern  Ignited  States. 


Fid.  88').    A  tlowcriuii:  twii;  of  the  coffee  tree 

Two  thir.ls  luitunil  size,  with  fruit  y' and /.v  and  seo<ls 
natural  si/e.  —  After  Wossidlo 


PtATi  Xtlh  A  tropical  forest  in  Uw  PUiUpplnes,  mainly  paJuut 
Alter  F.  W,  Atkhison 
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From  the  pineapple  family  our  only  edible  fruit  is  the  pine- 
apple, largely  cultivated  in  Florida  and  the  West  Indies. 

The  banana  family  is  a  very  small  one,  but  exceedingly 
imix)rtant,  since  it  furnishes,  in  the  shape  of  bananas,  the  prin- 
cipal subsistence  of  multitudes  of  the  inhabitants  of  the  tropics. 
The  plant  is  herbaceous,  but  sometimes  grows  to  the  height  of 
forty  feet,  with  enormous  leaves.  It  is  extraordinarily  produc- 
tive, so  that  a  few  stjuare  rods  of  good  soil  set  with  banana 
plants  will  supply  the  fruit  for  an  entire  family. 
Our  importation  of  bananas  is  very  large  and 
rapidly  increasing,  and  what  was  once  an  arti- 
cle of  luxur}'  or  a  curiosity  is  now  tlie  staple 
fruit  for  the  entire  year  in  most  of  our  mar- 
kets. The  principal  supply  comes  from  the 
West  Indies  and  Central  America,  l)ut  bananas 
are  somewhat  cultivated  in  the  extreme  south- 
ern })ortions  of  the  United  States. 

Tlie  mulberry  family  sui)plies  the  laeadfruit, 
which  constitutes  the  most  important  food  of 
great  numbers  of  the  inhabitants  of  tlie  south 
Pacific  Islands,  (hn*  only  fruits  of  this  family 
are  the  mull)err}'  and  the  tig.  Most  of  our  tigs 
are  still  imported, but  their  culture  has  n^entl} 
l)ecome  a  considerable  industry  in  California, 
since  the  variety  which  can  be  dried  for  shi])nicnt  is  now  suo 
cessfidly  cultivated  there. 

Two  closely  related  groui)S,  the  saxifrages  family  and  the 
rose  family,  furnish  a  large  proportion  of  all  our  tru<;  berries, 
and  some  edible  fruits  which  are  not  berries.  From  thr  former 
family  are  obtained  currants  and  gooseberries.  The  rose  family 
consists  of  five  suWamilies.  Of  these*  the  ai»j»le  subdivision 
furnishes  quinces,  pears,  and  a[)i)les;  the  rose  sulnlivision  lur- 
nishes  strawberries,  blacklierries,  and  rasjibenies;  and  the  |.lum 
subdivision  furnishes  jdums,  cluMries,  iM*aehes,  apricots,  and 
nectarines. 


Fu..  :JH(3.  A  cacao 
jmhI,  cut  open  to 
.sliow  the  schmIs 

Olio  fourtli  II Ht- 
iiral  si/.c.  —  After 
S('Iiiiii<lt 
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The  rue  family  contaixis  a  rather  small  number  of  trees  and 
shnibSj  with  only  two  common  geiit^m,  the  prickly  aah  and  the 
hop  tree  in  temperate  North  America,  and  comprises,  among 
others,  the  orange  sub-family.  Under  this  is  found  the  genus 
Gilrus,  which  embracer  all  the  citrrms  fruits.  The  species  and 
varieties  which  are  ftmiid  in  our  markets  may  be  classed  as 
fjmn^as,  grnf>e  fruit,  and  lemons. 

Most  of  imr  oranges  are  now  of  American  growth,  coming 
from  California  or  Floritia,  and  many  of  the  very  lai^e  fruited 
sj^eies  of  Oitrus  from  Polynesia,  variously  known  as  pomelo 
and  grajje  frmt,  are  raided  in  both  tliese  states,  while  some  are 
also  imported  from  the  West  Indies.  The  best  lemons  are  ini- 
porte^l  from  the  Mediterranean  coasts  lai^ely  from  Sicily, 

The  grape  fauiUy  numbers  about  300  speciea  of  climbing 
shrulKs.  Only  the  grape  geous  Vilis  is  a  source  of  edible  fruits, 
—  the  berries  so  faiuiliar  as  fresh  grapes  or  raisins. 

Of  these  there  are  two  princif»al  ty fiea,  one  comprising  the 
European  (Malaga  and  other)  varieties  with  s<^lid  pulj^  found 
also  in  such  Cahfornia  varieties  as  the  Tokay  grape,  all  of  whicli 
are  descended  from  one  European  species.  The  other  type  is 
the  one  with  soft  pulp,  readily  separated  from  the  skin,  such 
as  the  Catawba,  Delaware,  Isabella,  and  Concord  varieties.  These 
have  to  some  extent  been  introduced  into  Europe,  but  are 
descendants  of  native  American  species.  Grapes  are  consider- 
ably cultivated  in  most  of  the  states,  but  nowhere  else  so  exten- 
sively as  in  California,  where  they  are  raised  for  wine  making,  for 
the  manufacture  of  raisins,  and  for  shipment  in  a  fresh  condition. 

The  heath  family  supplies  berries  of  several  species,  such  as 
the  familiar  cranberries  and  the  blueberries  and  huckleberries, 
which  are  largely  gathered  for  the  market  in  several  of  the 
northeastern  states,  particularly  in  Maine,  and  are  somewhat 
extensively  canned. 

From  the  olive  family  (mostly  sub-tropical  trees  and  shrubs) 
are  obtained  olives,  which  constitute  a  table  delicacy,  while 
the  oil  is  a  highly  valuable  food. 
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From  the  nightshade  family,  many  of  whicli  are  poisonous 
plants,  we  get  several  large  edible  fruits  (true  berries,  though 
they  are  not  popularly  so  called),  —  the  ground  cherry,  or  straw- 
berry tomato  (Physalis),  the  pepper  {Capsicum)}  the  egg  plant, 
and  the  tomato. 

The  gourd  family  furnishes  all  the  melons,  cucumbers, 
squaslies,  and  pumpkhis. 

496.  Edible  leaves  and  shoots.  Only  a  few  of  tlie  articles  of 
diet  under  this  head  have  much  commercial  importance  or  form 
a  notable  part  of  the  subsistence  of  people  in  any  ix)rtiou  of  the 
country. 

From  the  lily  family  we  get  asparagus;  from  the  pigweed 
family,  spinach ;  from  the  mustard  family,  water  cress,  cabbage, 
cauliflower, and  Brussels  sprouts;  from  the  parsley  family,  celery; 
and  from  the  Convpositce,  lettuce  and  globe  artichokes  (Ct/nara), 

497.  Edible  bulbs,  rootstocks,  tubers,  and  roots.  As  is  else- 
where explained  (Sec.  60),  reserve  material  is  often  stored  in 
underground  portions  of  tlie  plant  l)ody.  Tlie  number  of  vege- 
tables derived  from  these  is  not  very  large,  but  tliey  constitute 
a  considerable  part  of  the  fooil  of  })eople,  esjHjcially  in  temi)erate 
and  cold  cUmates. 

From  the  lily  family  onions  are  obtained,  from  the  yam 
family  yams,  from  the  jngweed  family  beets,  from  the  mustard 
family  turnips  and  radishes,  fn)m  the  i)arsley  family  carrots 
and  parsnips,  from  the  morning-glory  family  sweet  potatoes, 
from  the  nightshade  family  potatoes,  and  from  the  Ctnnpositcv 
salsify  and  Jerusalem  artichokes  {Ifclianthns). 

498.  Starch  and  sugar  from  stems  and  roots.  Sago  is  the 
purified  starchy  pith  of  small  palms,  natives  of  Siani  and  of 
some  of  the  Malayan  Islands.  A  portion  of  the  supply  also 
comes  from  West  Indian  cycads  (Sec.  346). 

Tapioca  is  a  starchy  substance  obtainetl  from  tlie  gratt^d  roots 
of  plants  of  the  spurge  family  (Euphorbiacecc),  cultivated  in 
tropical  America  and  the  West  Indi 
^  This  is  not  a  ] 
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Arrowroot  ia  a  very  pure  Rtardiy  fooil  obtained  fmm   the 

rtmiatocks  of  plants  of  two  or  three  tmpiual  familieK,  e^^pe- 

_  -  cially  the  arrowroot  fan:)i]y 

-i  *3rffiftji  2^  *^ugar  is  largely  Diauu- 

J^ggBgffi  factored  in  Europe  and  to 

some  extent  in  the  Unite<l 
Stat^ft  from  the  juice  of  the 
sugar  beet.  The  remainder 
o!  the  world's  supply  of 
sugar  ct>mes  from  the  stem 
of  the  aufjar  cane,  a  grass 
wliich  grows  to  a  lieij^ht 
ni  ten  feet  or  more.  It  is 
somewhat  cultivated  in 
Louisiana,  Vmt  much  more 
extensively  in  the  We«i 
IndieB.  Java,  and  the 
Hawaiian   Islands* 
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2.  MEDirUNAL  PLANTS 
AND  PLANT  PROD- 
UCTS 

4&9-  Tlie  study  of  me- 
dicinal pi  ant  ?^  is  a  special 
subject,  forming  an  im- 
portant part  of  the  course 
in  every  college  of  phar- 
macy. Only  a  few  words  can  be  given  to  the  topic  in  this 
chapter. 

Very  many  of  the  families  of  angiosperms  contain  species 
used  in  medicine.^  In  some  cases,  as  in  the  lily  family,  the 
pea  family  (which  furnishes  sixteen  remedies),  the  mint  family, 

1  In  the  United  States  Pharmacopoeia  sixty-seven  families  are  represented. 


Fig.  887.    Su<iar  cane  (Saccharum) 
^uch  re<hiced.  —  After  Wossidlo 
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and  the  nightshade  family,  medical  properties  are  quite  gener- 
ally distributed  throughout  the  whole  family  or  through  certam 
sections  of  it.  In  other  cases,  as  in  the  poppy  family  (which 
yields  opium  and  morphia),  the  family  Erythroxylacea:  (which 
pelds  cocaine),  and  the  figwort  family  (wliich  yields  digitalis), 
only  one  important  remedy  or  group  of  remedies  occurs.  The 
properties  of  many  medicinal  plants  were  discovered  by  acci- 
dent in  primitive  times,  while  others  have  had  their  value 
established  only  as  a  result  of  careful  experiments  on  man  and 
the  lower  animals. 

3.  FOOD  PRODUCTS  FOR  DOMESTIC  ANIMALS 

500.  The  most  important  herbivorous  domestic  animals  — 
cattle,  horses,  and  sheep  —  consume  large  (luantities  of  the  less 
ex|)ensive  grains,  and  in  general  the  roots  and  tubers  which  are 
useful  for  human  food  are  readily  eaten  by  tliese  animals. 

A  large  proportion  of  the  grasses  are  utilized  by  grazing  ani- 
mals or  fed  as  hay.  Many  plants  of  the  pea  family,  particu- 
larly alfalfa,  the  clovers,  soy  beans,  and  cow  i)eas,  are  eaten  by 
domestic  animals. 

Both  gi-asses  and  other  i)lants  are  cut  and  fed  to  cattle  and 
horses,  while  fresh,  wa^fordye.  I^irge  (quantities  of  "  corn  fodder  " 
are  used  in  .this  way  in  many  ])arts  of  tlie  country,  and  tlie 
stems  and  leaves  of  corn  are  also  cut  uj),  placed  in  large  tanks 
called  siloH,  allowed  to  ferment,  and  then  fed  to  cattle  through- 
out the  winter. 

Certain  by-products  of  manufacturing  processes  are  of  nuich 
value  for  cattle  food.  Among  the  most  important  of  these  are 
linseed  meal  and  cotton-seed  meal,  which  are  rich  in  proteids  and 
still  retain  some  oil  after  the  greater  i)ait  of  it  has  been  ex- 
tracted by  the  most  powerful  pressure  available.  The  refuse 
grains  from  breweries  and  the  sloppy  boiled  com  meal  from 
distilleries  are  in  a  wet  state  extensively  fed  to  cattle  and 
hogs,  but  are  injurious  if  used  i  1  «  i        dried  for 
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shipment.  The  i-efase  from  beet  sugar  mamifaL^turmg  Gstahlish- 
meuts  IB  used  in  a  wet  coiulitiou  for  cattle  feeding,  and  is  alao 
dried  and  shipped- 

S<jme  seeds  not  eateu  by  man  are  higlily  valuable  when  fed 
to  the  lower  animals,  Aeonis  and  beechnuts,  for  example,  in 
some  of  the  wo*^jded  pnrtions  at  the  southern  Middle  States,  fur- 
nish a  considerable  part  of  the  subsistence  of  droves  of  hoga 

4.  PLANTS  USED  AS  FERTILIZERS 

Ml-  For  centuries  the  advantage  of  |di>wing  under  growing 
crops  as  a  means  of  enricliing  worn-out  land  has  been  well 

recognized.  It  is  only  very  recently  that  thtj  exact  dgnificance 
of  this  process  has  l*een  iinderstowl.  Even  now  the  details  are 
not  so  fully  worked  out  that  we  know  just  what  crop  will  yield 
the  best  results  for  every  variety  of  soil  and  cHniati*  j  but  in  a 
g*^iu*ml  wn\  it  \h  established  that  leguminous  jilaofs  ni-e  tlie 
best  for  this  purpose  on  account  of  tlie  power  wliich  their  root 
tubercles  have  of  utilizing  the  nitrogen  of  tlie  atmosphere 
(Sec.  256).  Various  clovers  and  alfalfa  are  the  crops  most 
commonly  employed. 

6.  PLANT  PRODUCTS  USED  IN  MANUFACTURES 

502.  Under  this  head  there  is  only  space  to  mention  a  very 
few  of  the  vegetable  substances  used  in  manufacturing  processes, 
most  of  them  on  account  of  their  chemical  properties. 

Dyeing  by  means  of  vegetable  coloring  matters  is  far  less 
important  than  it  was  before  the  introduction  of  the  artificially 
prepared  aniline  colors.  Tliese  are  so  powerful  that  it  is  more 
economical  to  use  them,  but  they  do  not  give  soft  shades.  Val- 
uable dyes,  however,  are  still  obtained  from  a  considerable  num- 
ber of  plants.  Many  of  these  belong  to  members  of  the  pea 
family,  which  furnishes  Brazil  wood  (red),  logwood  (red,  purple, 
and  black),  camwood  (red),  indigo  (dark  blue). 


^A^ 
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From  the  buckthorn  family  are  obtained  yellow  and  green 
dyestufifs,  known,  respectively,  as  Persian  berries  and  Chinese 
green  indigo. 

Varnishes  of  great  value  are  yielded  by  trees  of  the  pea  family 
(copal  varnish)  and  of  the  sumach  family  (Japanese  lacquer). 

Tanning  is  largely 
carried  on  by  aid  of 
the  bark  of  several 
species  of  oak,  of 
which  the  black  oak 
and  the  Spanish  oak 
are  two  of  the  most 
used  American  spe- 
cies. Hemlock  bark 
and  the  leaves  and 
young  twigs  of  Sicil- 
ian and  American 
species  of  sumach 
are  also  used  for 
tanning.  Other  sub- 
stances employed  for 
the  same  purpose  are 
catechu,  derived  from 
a  species  of  acacia, 
and  gambier,  derived 
from  the  evaporated 
sap  of  a  tree  of  the 
madder  family,  a  na- 
tive of  the  East  Indies. 

India  rubber  is  manfactured  from  tlie  sap  of  several  tropical 
trees  and  lianas.  The  principal  one  of  these  is  the  Para  rubber 
tree  (Hevea)  of  the  spurge  family. 

Gutta-percha  is  produced  by  trees  of  the  star  a      B  fa      iy 
(Sapotacece)  of  tlie  Malay  Archipelago,  a  family 
nomic  importance. 


Fio.  388.    A  twi^  of  tho  South  American  mbber 
tree  (Ilevea) 

After  Schmidt 


526 


USEFUL  PLANTS  AND  PLAKT  PRODUCTS 


6.  pla:nt  fibers  a^b  eelated  products 

508,  Fibrous  materials  for  u&e  in  spiiiiiiag  into  tliread,  conl- 
age^  and  rope,  alsu  for  braiiling  aiid  weaving,  are  obtained  from 
many  parts  of  the  plant  budy.  Hnnie  of  the  must  uhl^IuI  of 
thest*,  Buch  SkS  tlax  and  hemp,  art;  derived  from  the  hard  Imst, 
{Others,  as  cott^>n,  consist  of  plant  hairs,  and  others  still  rep- 
resent variiiiis  istrvietural  elements  of  the  plant. 

A  large  prij^K)rtiun  of  tlie  tihrous  materialB  in  general  use 
comes  from  monocotyledonons  plants  of  several  families. 


^^'^: 
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Fto.  381*.    A  (Ft'oi'L^ia  anum  i\v\\\ 
Afkr  Frye 

Beveml  sedtres  nf  the  j^ennH  Cifprnts  furnish  materials  for 
weaving,  and  Kast  Indian  and  Clunes(^  mattin^^s  are  made  from 
species  cultivated  for  the  purpose. 

The  straw  of  various  grains  is  employed  for  braidiii*^  hiut 
baskets,  mats,  hats,  and  other  article.^.  A  enai'se  grass  known 
as  esparto  is  largely  exported  from  Spain  and  the  Notth  African 
coast  for  use  in  papr  making  and  for  other  purposes. 

Many  palms  pnuluce  valuable  fiber;  that  of  the  husk  of  the 
cocoanut  is  largely  used  for  cordage,  mats,  brushes,  and  similar 
articles. 
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From  material  obtained  from  the  very  young  leaves  of 
a  somewhat  palm-like  plant  (Carludorica)  the  well-known 
Panama  hats  are  woven. 

Several  plants  of  the  lily  family,  especially  the  so-called  New 
Zealand  flax  and  the  century  plant  (Fig.  391),  furnish  fil)ers. 


Vu,.  :'/.H) 

A  portion  of  a  cotton  plant  in  Mf¥irn  with  a  h\>*'  caifHulfi  or  Ih*||  //  ;«f,ri  m-*-/)  ^      Ail 
8li((htly  n-'iii<'«"l.       Aft<T  W«»^Mi/J|#i 

From  a  meniU'r  «»f  tli"  h;in;ih;i  f;iniil\,  a  nafj*. «-  i,i  ih*. 
Philippin<*.s,  hut  rultivat^-'l  al-o  in  InHia,  j-*  ol/fairi^-^i  ili*-  ex- 
tremely  valuable  manila  ^^'"^  "»"•  (/'a/l"  /,f  v,  1,.^ },  j^  -o  fiuf-  a.- 
to  \)e  wovi'U  into  th-luitu-  -{..rvK-  an*)  -.u./.ht  fahr;'-,  v/hiW' 
the  eoarw'r  kind-  af  ^^'d  ,/•  0,"  /nar,  ,f;j/ «'ir"  of  rfjaf.Ja 
rojie. 

Amonj;  rJirvif -J*'/'/,'/,  ;••  ;M'*^■■  -f  '  m  ar"  a  './,*. 'j'-raril**  .M*:/if^'r 
which  .«i^'rv«'  a;,  ij/,:,f'/-.:  '.f  ^^jr,r»,^r' ,-»!  f'^r- 
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To  the  intilberry  family  belong  the  pajier  mulheiries,  which 
furnish  bark  from  which  the  beautiful  Jajmnese  paper  is  made, 
and  the  hemp  plant,  wliich  is  oue  uf  the  chit^f  rope-  and  cardage- 
making  materials. 

To  the  nettle  family  belongs  ramie,  an  eastern  Asiatic 
plant  cultivateil  in  Jamjiica  and  the  southeiii  I'nited  BlateSj 
from  which  Chinese  grass  cluth  and  other  fabrics  are  made 

Three  closely  related  groups  of  plants  —  the  linden  famUy, 
the  mallow  family,  and  the  silk  cotton  family — ^  yield  many 
tibrous  or  hair-like  products  of  use  for  spinning  and  weaving, 

or  for  mattress  mak- 
ing and  similar  pur- 
poses. From  the 
bark  ol  trees  of  the 
lirst^named  family  is 
uhtained  the  KtisHian 
basa,  or  bast,  used 
for  making  rough 
mats,  and  the  tropi- 
cal product  jute,used 
to  wf-ave  with  silk, 
and  also  for  carpets, 
mats,  and  coarse 
bags.  From  the  hairs 


FrG.  31>L 


Century  pianta  {Agajee) 
After  Fvye 

whicli  clothe  the  seed  of  tlie  cotton  plant  (the  most  important 
memlier  of  tlie  mallow  family)  all  cotton  g^xidn  are  manufac- 
tured. Cotton  is  largely  cultivated  in  Inditi,  Eg}*pt.  and  our  own 
country.  It  is  an  important  crop  in  all  of  our  Gulf  states,  and 
in  Georgia  and  S^juth  Carolina,  The  seed  hairs  of  the  tropical 
silk  cotton  trees  (Oeiba)  are  coming  to  be  much  used  in  pilltjws 
and  cushions  as  a  substitute  for  feathers. 

Most  vegetable  Hbers,  sucli  as  have  been  described  in  this 
chapter,  are  useful  for  paper  making,  even  after  the  roi^e  or 
woven  fabrics  made  from  them  have  been  worn  until  they  are 
dropping  to  pieces.    I^rge  areas  of  forest,  particularly  of  spruce 
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I  poplar  growth,  are  now  iiniiually  cut  down  to  furnisli  paper 

p.    It  has  lieen  recently  proposed  k»  utilize  cotton  ?item.H  fur 

paper  pulp.    Ten  million  or  more  U»ns  of  the  mw  material,  worth 

<j     nearly  a  dollar  a  ton  for  this  purp<J9e»  uiv  now  annually  avail- 

^ftable  in  the  cotton-growuug  states. 


TIM  HER 


504,  Coaiierous  woods.   The  wood  f>f  our  cone-hearing  trees 
(mainly  oi'  the  pine  family)  is  generally  known  as  i^oft  worMl, 


'^i^ 


Fifl,  3fr2.    Forest  of  ImnI  or  ydlow  piue  {Fmus  paiustrtB)  an  wnihcTn 

eosi^tiil  pUiiJ  ol  the  Tniled  Btatea 

After  Frye 

and  that  of  *nir  hroad-Ieave<l  mostly  tleeiduous  treeu  is  known 
as  hard  wood.  These  l^rms  an?  not  timU?-  irorrect,  for  the  conif- 
erouB  larnhi*s  and  yews  furnish  a  harder  w*iod  tlian  that  cd  such 
hrfniddeaved  trtM*«  m  willow?*.  po}dar«,  tulip  tree**,  and  huckeyes. 
Out  of  the  entire  timl«*r  su[)ply  of  the  country  mom  than 
three  quartera  is  at  present  fiimishetl  hy  the  thirty-eight  or  miire 
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species  c»f  cone-beftring  trees,  especially  the  pinas,  which  grow 
withiu  our  limits. 

The  w^ood  <jf  the  white  pint^  (Pimts  sfmbus),  remarkable  for 
its  WQrkableiiess  aiid  freedom  from  warping  or  cmckiiig  when 
GXprmed  to  tlie  weathf*!',  wa.H  for  years  the  most  important  of  ail 
our  Bt*ft  woods.  Liitterly,  0^5  the  supply  is  liecommg  greatly 
leasene*!,  other  kinds  c^f  pine,  especially  tlie  long-leaf  pitie, 
the  loblolly  pine  of  the  southeastern  nUites,  tind  the  bull  pine 
{R  pon-derom)  of  the  Pacific  and  Ilocky  Mount siiii  i-egions,  an? 
to  a  I'onsideralde  exU^nt  taking  its  place. 

Among  the  other  most  widely  used  conifeix)us  wootU  ai-e  two 
species  of  true  pjpnice  (Ficea),i]\^'*  Douglas  spruce"  (/^r/tf/o/^?///^!), 
two  western  t^i>ecies  at  whit-e  fir  {Ahm),  tfie  smaller  California 
redwood  {Srquom),  the  Americsaa  or  bald  cypress  {Taxmimm), 
atid  several  di^^tin^^t  kinds  of  whit**  cedar  {Thapt,  Ckamw- 
c^jjarun,  and  Lihovedrm)^  Tlie  cypress,  larch,  and  ujust  of  the 
cedars  furnish  timber  of  gi'eat  durability  when  exposed  to  the 
weather  or  buried  in  tlie  eruth,  and  therefom  aj'e  highly  valued 
for  posts,  telegraph  poles,  railroad  ties,  and  similar  uses. 

505.  Broad-leaved  woods.  Our  native  broad-leaved  trees  which 
furnish  wood  for  manufacturing  or  constructive  purposes  com- 
prise about  eighty  species,  a  larger  number  than  is  found  in 
any  other  equal  area  of  the  temperate  zones. 

The  principal  hard-wood  forests  are  of  oak,  though  other  valu- 
able timber  trees,  such  as  maples,  hickories,  beeches,  and  elms, 
are  usually  scattered  among  them.  Our  oak  lumber  is  of  three 
kinds,  —  white,  red,  and  live  oak.  White  oak  is  much  superior 
to  red  for  constructive  purposes  where  strength  is  important,  but 
does  not  show  so  conspicuous  a  grain  when  polished  for  cabinet 
work.  More  than  half  of  our  supply  of  hard  woods  comes  from 
various  species  of  oak. 

Next  in  importance  is  the  wood  of  the  tulip  tree  {Lirioden- 
dron),  generally  known  as  yellow  poplar,  or  white  wood.  This 
has  largely  taken  the  place  of  white  pine  in  inside  woodwork 
for  dwelling  houses  and  other  buildings. 
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Amoog  the  most  generally  useful  of  the  other  broad-leaved 
lii'CKxls  may  be  mentioned  niapU\  elm,  nsh,  nnd  chestnut. 

Several  kiii*ls  are  |mrtieidiirly  valued  ior  their  durability  in  the 
ground;  arauog  these  are  chestnut,  black  locust,  and  eatalpa. 
'      For  c^lunet  wurk  the  must  priiied  of  our  native  wihhIs  are 
blaek  waJnut,  uhcrry,  birch,  and  some  s|>ecie?i  of  f»nk.    None  of 


Fii**  iii*iJ.    llii;kury  (hunt  wtuxl}  ionest  near  ^uUwru  end  at 
A  p J lal ae  1 1  tan  li  igh  1  aTuU 

After  Frye 

[iheae  k  as  lM?autiful  as  some  of  the  finer  iniportad  kind^,  mich 
as  mrihn|^^nr\y,  nisew«Mjfl,  and  satiiiwiwKl 

506.  Forestry*  During  the  time  wlien  the  et*untry  was  in 
limicess  of  bein^'  settled  most  juirtions  of  the  Atlantic  eoaflt 
jion,  and  irdnnd  tis  far  as  the  pmiries  of  what  an^  now  tlie 
Hates  of  IIIjumLh  and  Minnesf*ta,  were  covered  with  primitive 
foresL  Tlie  tiicist  dilTicnlt  task  of  the  settler  was  to  char 
mough  land  for  tillaf^e.  The  linest  tiinb**r  trees  were  de»tnned 
hy  hundreds  o(  ihratmnds  hv  the   yroceaa   of  giTiilhi;,\  that 
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a  point  has  been  reached  when  it  is  difficult  to  get  lumber 
of  good  quality  for  many  of  the  most  important  purposes  for 
which  it  is  used.  In  some  parts  of  the  country  timber  is  a 
profitable  crop  to  raise,  even  if  it  has  to  l)e  planted  and  cared 
for  while  growing.  The  science  and  art  of  giowing  timber  and 
caring  for  tracts  of  wooded  land  is  called  forestry.  Much  atten- 
tion has  long  been  paid  to  it  in  the  most  enlightened  countries 
of  Europe,  but  the  subject  is  a  comparatively  new  one  in  the 
United  States.  The  impoitance  of  maintaining  a  suitable  pro- 
I)ortion  of  wooded  land  in  any  region  does  not  depend  merely 
on  the  desirability  of  a  supply  of  timl)er.  The  water  supply  of 
lakes  and  streams,  the  retention  of  the  cultivable  layer  of  loam 
on  the  earth's  surface,  the  climate  of  any  region,  at  least  so  far 
as  the  prevention  of  severe  winds  is  concerned,  —  all  are  depend- 
ent on  the  presence  of  C()nsidera])le  forest  areas. 

The  principles  of  forestry  cannot  be  laid  down  in  a  few  words, 
and  forest  management  recjuires  years  of  study  in  the  woods 
themselves.  The  literature  on  the  subject  is  extensive,  and 
courses  in  forestry  are  now  given  in  a  good  many  universities. 
Evidently  it  is  a  topic  of  growing  im])ortance  in  lliis  country. 
A  few  useful  rules  can  l)e  given  here. 

1.  Tree  cutting  should  g(»n(»rally  b(»,  managed  on  tlie  prin- 
ciple of  selecting  only  mature  trees  and  leaving  the  oth(»rs  to 
grow  up  to  replace  those  cut. 

2.  Forest  fires  should  l)e  prevented. 

3.  Destructive  fungi  should  1k».  exlernunated  wherever  found. 

4.  Insect  enemies  of  trees,  such  as  tlie  seventeen-year  locust, 
the  various  caterpillars,  and  boring  insects,  should  l)e  destroytHl. 

5.  Sheep  and  cattle  should  nev(»r  be  pastur(»(l  in  woods  where 
they  can  do  harm  by  killing  young  seiMlling  trees  or  other 
useful  undergrowth. 

6.  Tree  planting  should  be  carried  on  whenev(T  it  can  Ix^ 
made  to  utilize  lands  not  needed  for  other  ])ur])oses,  and  the 
species  planted  should  be  chosen  with  extreme  care  to  meet  tlu^ 
requirements  of  the  soil  and  climate. 
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8.  FUEL 

50^ •  Nearly  all  fuel  is  of  vegetable  origin.  In  most  civilized 
countries  trxiay  the  prii\eii>al  fuel  i^upply  consists  of  varitms 
kinds  of  coal,  that  is,  of  \  egtitable  matter  which  has  been  burietl 
in  the  earth  for  iiges  and  underg^jne  many  cluinges  {8eo,  330), 

Peat,  the  consolidated  mateiial  left  after  the  partial  decay  of 
certain  bog  mosses  (Sec.  292),  in  some  countries  fomis  a  cunsid- 
eralile  part  cjf  the  available  fuel,  and  the  dept>sits  in  the  inirth- 
ern  United  States  are  of  some  importance, 

Woo<L  in  portions  of  the  country,  is  still  the  pTincipal  fneL 
Ceiiain  varietia^  are  preferred  for  houseindd  use  on  account  of 
their  furaishing  good  l)eda  of  glowing  coals,  or  for  burning  in 
open  tii'es  on  account  nf  their  freedom  frtjni  nny  tendency  to 
snap.  But  in  geneiid  tlie  fuel  value  of  thoroughly  seasoned 
wood  is  nearly  proprtional  to  its  weight  per  cubic  fiKJt,  that  is 
to  say,  the  very  hea\iest  woi>ds,  such  as  Iiickory,  the  white  oaks, 
black  locust^and  siMoe  kinds  of  ash,  luc  worth  most  for  lieatin^. 

Other  parts  of  plants  besides  wood  are  used  to  some  extent 
for  fuel.  In  large  tanneries  the  spent  bark  is  often  compressed 
to  extract  most  of  the  water  and  tlien  burned.  Corncobs  are 
often  burned  in  stoyes  and  under  steam  boilers.  In  treeless 
regions  twisted  ropes  of  straw  are  used  as  fuel. 

9.  ORNAMENTAL  PLANTS 

508.  Our  ornamental  plants  may  be  rouglily  classed  into 
shade  trees,  shrubs,  herbaceous  perennials,  and  annuals.  The 
total  number  of  species  and  varieties  cultivated  in  the  United 
States  runs  far  into  the  thousands,  but  in  many  cases  florists' 
varieties  are  distinguished  from  one  another  only  by  color  or 
some  other  comjiaratively  unimportant  characteristic. 

Most  of  our  cultivated  ornamental  plants  are  of  foreign  origin, 
and  representatives  of  almost  all  parts  of  the  earth  except  the 
arctic  regions  are  found  among  them.    In  a  few  instances  native 
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Species  are  familiar  occupants  of  our  flower  gardens,  as,  for 
example,  the  native  azaleas  and  RJwdodendrons,  the  bee  balm, 
California  poppy,  evening  primrose,  Mariposa  lily,  Missouri 
currant,  purple  flowering  raspberry  {Ruhus  odoratus),  cone 
flower  (Rudheckia),  snow  on  the  mountains  (Eiqjhorbia),  and 
wild  cucumber. 

Some  of  the  families  which  contribute  most  largely  to  our 
lists  of  cultivated  flowers  are  the  lily,  the  amaryllis,  the  pink, 
the  crowfoot,  the  rose,  the  pea,  the  geranium,  the  heath,  the 
mint,  and  also  the  composite  family. 
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[Additional  illustrations^  chiefly  for  use  with  a  flora  in  determination 
of  species] 


I.   LEAF  FORMS 


Fig.  1.    General  outline  of  leaves 

a,  linear;   6,  lanceolate;   c,  we(ij;e-shaj)e<i ;   d,  spatulate:   e,  ovate;  /,  obovate; 
^,  kidney-shaped ;  /*,  oibicMilar;  /.elliptical 
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Fifi.  2.   Tips  of  li*nves 

(smargiiifite  or  noli:h<5^h  U  ("^i^^l  lHst1i:t),  otH-oritatu ;  h^  i^iwpiflate,—  tlip  pi>int 
-(itariy  and  rigid;  ^t  i""*?i^>"a^te,-"th(3  point  mm'i*ly  n  prolougfttiun  f»r  tliM 
(II  kl  rill 


Fic;.  3 

A,  shapes  of  l)a8es  of  leaves:  1,  heart-shaped ;  2,  arrow-shaped ;  3,  halberd-shaped. 
7i,  peltate  leaf  of  troptFoliiin 
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n.   FORMS  OF  SYMPETALOUS  COROLLA 


Fig.  4 

Bell-shaped  corolla  of 
bell-flower  (Cam- 
panula) 


Kui.  ') 

Salver-sliaiwd  corolla  of 
jasmine  (magnified) 


Fig.  0 

Wheel-shaped 
corolla  of 
potato 


Ficj.  7 

Tubular  corolla,  from 
head  of  bachelor's 
button 


Fic;.  8 

I^ibiat<5  or  rlnj;cnt 
corolla  (it  iJcad 
nettle 
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References  to  illustrations  are  indicated  by  stars.    App.  indicates  Appendix 


Absorption  of  carbon  dioxide,  107, 
108 

Absorption  of  water  by  roots,  28 

Absorption,  root,  80 

Absorption,  selective,  30 

Acacia,  leaf  of,  98* 

Accessory  buds,  82*,  84* 

Accessory  fruits,  146,  149*,  150* 

Actinomorpbic,  125 

Acuminate,  App-  I 

Acute,  App.  I 

Adaptations  to  conditions  of  exist- 
ence, 496,  497 

Adder's-tongue,  324* 

Adventitious  buds,  83,  87* 

Adventitious  roots,  19 

^Ecidium,  201,  262* 

Aerial  roots,  19-21* 

Agaricus,  267 

Age  of  trees,  46 

Aggregate  fruits,  146,  149*,  150* 

Ailanthus  twig,  81* 

Air  cbamfor,  103*   104* 

Air  passages,  in  Hippuris  stem.  111* 

Air  plants,  47* 

Air,  relation  to  germination,  7 

Akene,  147* 

Albugo,  246* 

Albuminous  substances,  9 

Alga-like  fungi,  239-247* 

Alga-like  fungi,  summary  of,  247 

Algae,  172,  173-226* 

Algse,  distribution  of,  on  rocks,  215* 

AlgsB,  evolution  of,  225,  22(J 

Algse,  life  histories  of,  221,  222 

Alpine  vegetation,  484-487*,  493 

Alternate  branching,  41* 

Alternate  leaves,  81* 

Alternation  of  generations,  220,  278, 
345-360 

Alternation  of  generations,  proto- 
plastic basis  of,  845-348 

Amanita,  267 


Amoeba,  158*,  159 
AnabaBua,  176,  177 
Angiospernise,  376-388* 
Angiosperm  flower,  376-379* 
Angiosperm,  life  history  of,  388 
Angiosperms,  128,  376-388* 
Angiosperms,  classification  of,  397 
Animal  food,  need  of,  412 
Animals    and     plants,    distinctions 

between,  168,  169 
Animals,  defenses  against,  413-419* 
Annual  growth,  definite,  42 
Annual  growth,  indefinite,  42 
Annual  ring,  iSiS*^  68* 
Annuals,  46 

Anther,  127*,  139,  140*,  378-380* 
Anther,  modes  of  opening,  140* 
Antheridium,  189*   204,  275*,  276 
Antherozoid,  189,  204 
Anthoceros,  288*,  289* 
Anthocerotales,  288*,  289* 
Antipodal  cells,  144*  383* 
Antitoxins,  236 
Ant  plants,  414*,  415 
Ants  plant  seeds,  446* 
Apetalous,  123,  124* 
Apogamy,  244,  319,  320 
Apospory,  320 

Apples,  selection  among,  503* 
Aquatic  plants,  459-462*,  488 
Archegonium,  270* 
Archichlamyde.-e,  397,  308 
Arch  of  hyporotyl,  6*,  12*,  13 
Arctic  vegetation,  484 
Arctic  willow,  484* 
Aristolochia  stem,  bundle  of,  61* 
Aristglochia  stem,  cross  section  of, 

60*,  61* 
Arrangement  of  leaves,  94-101* 
Arrow-shaped,  App.  I 
Artemisia,  480,  493,  494 
Ascocarp,  248,  250 
Ascomycetes,  248-257* 
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AmxibI  CKBcnftioii,  tm,  J»A,  M:!, 
Aah  tre&,  ^lumH j  grafted,  41^ 


107,  tl2.  H5^  1«3 
,  plaint,  474,  47d 

133 

Axillary  bad,  81»  fi2» 
Ajailarf  Indomceiiae^  13S* 

Bacterid,  22g^«?»,  S88 

Bailey.  £»  11.,  44S 

Barberry.  «pttij  l«»Tes  ot,  ilfi* 

Bark,  5»,  60*,  «5^7*,  71,  72,  S66», 
ggg 

Bark  cells,  2&* 

Ba^idia  fmigi,  258-^27 1  • 

Has  id  io  my  ce  tes^  258-27 1  * 

liaaidiuTii.  2oa-267» 

Bast,  312*,  367 

Bast  btmdie,  26»,  62* 

BiViL,  soft  (ste?e  tubeB),  61-03* 

Batrachospermum.  217 

Beans,  selection  among,  504 

Bees,  422*,  423,  420* 

Beggar's  ticks,  444* 

Bell-shaped,  App.  II 

Belt's  bodies,  414*,  415 

Berry,  148*,  150* 

Biennial,  26,  46 

Bilaterally      symmetrical      flowers, 

124*    125* 
Bilaterally  symmetrical  leaves,  88 
Birch,  branching  of,  46* 
Bird  pollination,  428 
Bisexual,  123* 
Bitter  roots,  25 
Bitter  seeds,  1 1 
Black  knot,  252* 
Bladderwort,  437* 
Blights,  244-247* 
Blister  blight,  245* 
Blue-green  algae,  174-178* 
Blue-green  algje,  life  habits  of,  177, 

178 
Blue-green  algte,  summary  of,  178 
Bog  zonation,  476-478* 
Boletus,  265*,  267 
Botany,  definition  of,  1 
Botany,  economic,  600-536* 


BiHanr,  *^w*f>Mijjf^  dp^itioti  of.  3 
BocAaf ,  ijirif  mull    dedniiioo  af,  ^ 
Bdfcvf  eMdflL,  S£f* 
BciLry^iflBi,  SOU* 

Box  ^der,  ladiaJ  ajud  cttiet  secLionB 

Bnoe  roois,  it* 
BncU  1^;^,  1^3B* 

BnMOttd  itAw^,  m-m» 

BfvicbeB  tofmed  £n>ai  adveiiliiJi>ui 

hmds^  S7 
Bn&Dcbitig,  all«Tii&t«,  41*.  M* 
BfatichttTg    ai}d    leaf   arrange  meiit, 

41^.>» 
Bt&ochini^,  opposite,  -41* 
BcAReb  thorn.  44* 
Breading,  planu  5rw>^l:)* 
Brown  alg^,  20^213* 
Browa  alg^  Ufe  babit£  of,  24)5,  204 
Brown  algsfe,  euniQiary  of^  213 
Biyalia,  2!J3^^1» 
Bryo|*hyta,  27&-^5* 
Bryophjtw,  27fV3(H>« 
BrycipUytjes,  e%*ol«tion  of.  3U2 
Brropbytes,  origin  of»  l^U 
Bryophytea^  summarj?  uf,  30iS,  304 
Bufkeye,  bud  of,  m* 
Budding,  238* 
Buds,  80-87* 

Buds,  adventitious,  83,  87* 
Buds,  dormant,  87 
Buds,  naked,  80,  81* 
Buds,  position  of,  82*,  83,  87* 
Buds,  structure  of,  80-86* 
Bud-scale  scar,  40* 
Bud  scales,  80*,  83 
Bulb,  53* 

Bulb,  hyacinth,  53* 
Bulblets,  438 

Bulrush,  cross  section  of  stem  of,  58* 
Burbank,  Luther,  510 
Burs,  442-444* 

Buttercup,  leaf  of,  91*,  104-106*. 
Butterhut,  buds  of,  82* 
Buttons,  266* 

Cactus,  54*,  463* 

CaladiUm,  52* 

Calamltes,  330,  340,  Plate  VIII 

Calcium,  28,  29 

Calyptra,  277,  295,  296*,  301* 

Calyx,  123*,  124*,  126* 

Cambium,  25*,  60-67*  366*  367 

Cambium  ring,  65,  67*  71,  72,  367 


INDEX 


543 


Camptosorus,  310* 

Canal  cells,  276*,  277 

Caniia,  381* 

Canna,  parallel  veiniiig  in,  89* 

Cap  (pileus)  of  gill  fungi,  266* 

Capsule,  146,  150* 

Carbon,  28,  29 

Carbon  dioxide,  7,  107, 108,  113, 115 

Carbon  dioxide,  absorption  of,  107, 
108,842 

Carboniferous  Age,  339-341 

Carnivorous  plants,  409-412* 

Carpel,  127,358,  369-371*  380*,  381 

Carpogofiium,  217* 

Carpospore,  217* 

Carrion  fungi,  269 

Castor  bean,  germination  of,  6* 

Castor-oil  plant,  early  history  of 
stem,  66* 

Castor-oil  plant,  fibro-vascular  bun- 
dle of,  65* 

Caterpillar  and  grub  fungi,  253* 

Catharinea,  293* 

Catkin,  134* 

Cedar  apples,  204 

Cedar,  red,  446* 

Cell,  34-39*,  129,  156-167* 

Cell  contents,  34,  35*,  KiO*,  161* 

Cell  division,  34,  159,  164,  165* 

Cell  growth,  164 

Cell  reproduction,  164 

Cell  sap,  38*,  160 

Cell  structure  of  moss  leaf,  KU* 

Cell  structure  of  pond  scum,  KiO* 

Cell  theory  of  organization,  l(jr>-167 

Cell  turgor,  HJl 

Cell  wall,  34,  159,  160*,  161* 

Cells,  starch  in,  9* 

Cellulose,  i34,  38,  159 

Central  cylinder,  24* 

Central  placenta,  129*,  130 

Cetraria,  25()*,  257 

ChiBtophoracesD,  190*,  191 

Chara,  202* 

Charales,  201,  202* 

Cherry,  buds  in  axils  of  leaves,  81* 

Cherry  twig,  84* 

Chlamydomonas,  182* 

Chlorophyceae,  17J)-204* 

Chlorophyll,  105,  109,  KM) 

Chlorophyll  bodies,  106,  106* 

Chloroplast.  106,  106*  107,  160, 
161* 

Choripetalous,  126 

ChorisepaloQs,  126 


Chromatin,  164,  165* 

Chromatophore,  160* 

Chromatophore,  fission  of,  161*,  165 

Chromosomes,  165* 

Cilium,  170* 

Circle  (whorl),  124*,  126* 

Circulation  of  nitrogen,  231* 

Circulation  of  protoplasm,  201 

Citrous  fruits,  hybridizing  of,  511 

Cladonia,  257* 

Cladophora,  191* 

Cladophyll,  56* 

Class,  153 

Classification,  152 

Clathrocystis,  174*,  175 

Clavaria,  264* 

Claviceps,  252,  253* 

Cleistogamous  flowers,  432,  433* 

Clerodendron,  429* 

Climbing  plants,  20*,  47-50*,  92* 

Climbing  shrubs,  stem  structure,  60*, 

67 
Climbing  stems,  20*,  47-50* 
Closed  veiiiing,  89* 
Clover  leaf,  98* 
Club  moss,  329-339* 
Cluster  cup,  261,  262* 
Clustered  roots,  23* 
Coal,  341 
Coalescence,  388 
Cocklebur.  442.  443*,  444* 
CojlosphitTium,  175 
Cu'nocyte,  197,  200,  201.  240 
Cttmogamete,  242 
Coiling,  48*.  49* 
Coleochaite,  191,  192* 
Collective  fruits,  146,  150 
(^ollenchyma,  64* 
Colocasia,  52* 

Colorado    coniferous    forest,     Plate 
'  XII 
Coloration   of  autumn   leaves,    121, 

122 
Colors  of  flowers,  424 
Columella,  241,  242* 
Common  ferns,  311-320* 
Common  mosses,  293-  ;I01* 
Common  receptacle,  134,  135* 
Comparative  sections  of  fruit,  150* 
Compciss  plant,  nearly  vertical  leaves 

of,  100* 
Competition,  447-451* 
Compositte,  135*,  4oO 
Composite  head,  134,  186* 
Compound  cyme,  137* 


Compound  leaves,  01^  02* 

Compound  pLsUL,  I2S 

Com  pound  umbel,  135* 

CoiiceptacJe,  212 

Condensed  sterns^  54*,  66 

Cone,  32t5*,  327 

Confer  vales,  184-192* 

Conferva.^?,  184- H>2* 

Conidlat  245 

CouiferttloB,  m4^1ii* 

Coaiiarona  forest*  IMate  XII 

Conifera,  aJ4-37i>* 

Conjugaltia,  11*3*,  104* 

CouLmuity  of  proioplaam,  119,  lOD 

Coral  fungujs,  264* 

Cordalteffi,  340,  Plate  VllI 

Cordyceps,  253' 

Core,  148 

Corkj  71 

Corn,  aerial  roots  oU  31» 

Corn,  croBB  section  of  stem  of,  58* 

Corn,  grain  of,  '7*   505* 

Corn,  section  of  root  lip  of,  24* 

Corn,  aeleetiun  among,  504 -SO 7* 

Corn  stem,  at  rue  Lure  of»  67 ,  58* 

Corn  us  canadensis,  Frf>ntispi&ce 

Cornljfi,  nn*,  120* 

Cortex,  65* 

Cortex  of  root,  24* 

Corymb,  133 

Cotton,  526*,  527* 

Cotton,  hybridizing  of,  511,  512 

Cotyledon,  6-14*,  18*  370*,  374 

Cotyledon,  disposition  made  of,  14 

Cover  (operculum),  299,  300* 

Crossing,  501 

Cross  pollination,  420,  501,  512 

Crowberry,  rolled-up  leaf  of,  466* 

Cryptogams,  354 

Cup  fungi,  250,  251* 

Cup  (volva)  of  gill  fungi,  266,  267 

Cup  (cupule)  of  Marchantia,  282* 

Cuspidate,  App.  I 

Cuticle,  9* 

Cuticle,  unequal  development  of,  by 

epidermis  cells,  117* 
Cutin,  117 
Cutting  leaves,  418* 
Cyanophyceae,  174-178* 
Cycadales,  360-363* 
Cycads,  360-363* 
Cycas,  361* 
Cyme,  136,  137* 
Cypress,  111,  Plate  III 
Cystocarp,  216,  217*  219* 


Dahlia,  thickened  roots  of.  23* 

Diiily  movt>ments  of  leaves,  i*7,  UH* 

Damping  ofif,  247 

Danddion,  60* 

Darwin,  Cliarleg,  154,  420,  44fl 

Date  palms,  57*,  518 

Datura,  11,  4li^,  443* 

Dfi*ay,  230,  231 

Deciduous,  121 

Defenses  against  ariLnia]r»,  413-410* 

Deruiite  annual  growth,  42 

Dehiscing,  140*,  147 

Descent  of  water,  75*,  7ft 

Desert,  Sahara,  482* 

Destris  ot  United  States,  49S-41IG 

Desmids,  1^3*,  im 

Determinate  inliurescence,  130* 

Deutzia  leaves,  1H3*  (*7* 

De  Vrieg,  401),  613 

Diadelphous,  127,  128* 

Diagrams,  floral,  131* 

Diastase,  tO 

Diatoiuales.  lf>6,  Um* 

Diatoms.  195,  lUti* 

Diohoganiy,  42J1* 

Dieksocia,  30U,  PlaHc*  vn 

Dicotyledonous  plants,  18,  397-400 

Dicotyledonous  stem,  annual,  gross 
structure  of,  59,  60* 

Dicotyledonous  stem,  cross  section 
of,  60-67* 

Dicotyledonous  stem,  minute  struc- 
ture of,  60-66* 

Dicotyledonous  stem,  rise  of  water 
in,  73-75* 

Dicotyledons,  398-400 

Dimorphous  flowere,  432* 

Dioecious,  124* 

DionaBa,  412* 

Disk  flowers,  134,  135* 

Dispersal  of  seeds,  439-440* 

Dispersal  of  seed  plants,  436-446* 

Distinct,  123*,  126,  127,  129*   130* 

Diurnal  position,  97,  98* 

Divided  leaves,  90,  91* 

Division,  153 

Dodder,  22*,  23 

Dormant  buds,  87 

Double  fertilization,  383,  384* 

Double  flowers,  139 

Downy  mildew,  244,  247 

Draparnaldia,  190* 

Drip  leaves,  462* 

Drosera,  410*,  411* 
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Drought,  endurance  of,  464 
Drought  plants,  459 
Drupe,  148*  149,  160* 
Dry  fruits,  140-148* 
Duckweed,  462* 
Duct,  26* 
Dulse,  214 

Earth  star,  268,  269* 
Ecological  groups,  459-473* 
Ecology,  plant,  definition  of,  2,  3, 

407 
Economic  botany,  500-535* 
Economic  botany,  definition  of,  3 
Ectocarpus,  206*,  207 
Egg  apparatus,  383* 
Egg  cell,  165,  166,  183*,  189*,  204, 

212 
Egg,  osmosis  in,  37* 
Elater,  285,  287* 
Elder,  pollen  grain  of,  382* 
Elliptical,  App.  I 
Elm,  43* 
Elm  bud,  85* 
Emarginate,  App.  I 
Embryo,  5-12* 
Embryo  sac,    144*    356,   373,   382, 

383*,  384* 
Endocarp,  150* 
Endosperm,  5-9*,  362*,   372*,  373, 

384,  385* 
Energy,  source  of,  in  plants,  7,  110, 

111 
Enzymes,  10,  232 
Epidermis,  24*   25«,  60*,  61*,  64*, 

103-106* 
Epidermis,  uses  of,  117*,  118 
Epigynoos,  130* 
Epigyny,  395 
Epiphytes,  19*,  47*,  309,  310,  471- 

473* 
Equisetales,  325-329* 
EquisetinesB,  325-329* 
Equlsetum,  326-329* 
Ergot,  253* 

Eubasidiomycetes,  258,  264-269* 
Euglena,  170*,  171 
Euphorbia  splendens,  417* 
Evergreen,  121 
Evolution,  153,  156 
Evolution  of  algae,  225,  226 
Evolution  of  sex,  223,  224 
Excretion  of  water,  116-120 
Existence,  struggle  for,  447-451,  497 
Exocarp,  149,  i50* 


Exogenous,  65 

Explosive  fruits,  439 

External  character  of  dicotyledonous 

stem,  59 
External  character  of  monocotyled- 

onous  stem,  57* 
Eyes  of  potato,  52*,  53 

Fall  of  the  leaf,  93*,  120-122 
Family,  153 

Fermentation,  10,  11,  231,  232 
Fern,  life  history  of,  319 
Ferns,  309-324* 
Fertilization,  138-145*,  166 
Fibrous  roots,  23* 
Fibrous-vascular   bundles,   24,   58*, 

59-61*,  65-(J7«.  103*,  105*,  106* 
Fibro-vascular  bundles  of  ferns,  311, 

312* 
Ficus  elastica,  80,  465* 
Ficus  religiosa,  drip  leaf  of,  462* 
Filament,  127* 
Filicales,  311-320* 
Filicineai,  309-324* 
Fis&ion  plants,  178 
Fittest,  survival  of  the,  498 
Fixation  of  carbon,  107 
Flagellates,  170* 

Flax,  cross  section  of  stem  of,  62* 
Fleshy  fruits,  uses  of,  444,  445,  618- 

520 
Fleshy  roots,  23* 
Floating  seeds,  441,  442 
Floral  diagrams,  131* 
Floral  envelopes,  123* 
Floral  organs.  138-141* 
Flower,  123-145*,  358 
Flower,  bud  scar,  45*,  46* 
Flower  buds,  position  of,  45*,  46*, 

83*,  84* 
Flower,  development  of.  387*  388 
Flower,  evolution  of,  393-396 
Flower,  nature  of,  138-140* 
Flower,  organs  of,  123* 
Flower,  plan  of,  123*,  130,  131* 
Flower,  symmetry  of,  125*,  395 
Flowers,  ecology  of,  420-435* 
Flytrap,  Venus,  412* 
Follicle,  146*   147 
Food  cycle,  1(J3,  164 
Food  in  embryo.  9-11*  ^ 

Food  products.    See  Plant  products 
Food,  storage  of,  in  root,  23*  25,  26* 
Food,  storage  of,   in  stem,  52-54*, 

78,  79 
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Forest  map,  4fil 
Forest  fegion^  490-402 
Fortwatioii^T  plaitt,  4T4-4Sfl» 
Form  alive  i\mae,  (14*  m*,  07*,  M\*. 

See  growing  point 
Fossil  plants;  33lUS4n  rkty  VUl 
Foxglove,  leaf  of,  f>0* 
Free  central  plaeeutatioEj.  I2!f*,  13<) 
Frond,  808*,  $QU  ' 
Frost,  action  t^f,  121 
FruiU  140-150" 
Fruit  Uud,  8.3»,  84» 
Fucus,  i210-2ia*.  riate  IV 
Fviuarja,  294*,  20(J*,  2HJi*  21)0».  SOI* 
Fungi,  172.  227^273* 
Funjn,  life  liistori^s  of,  272,  273 
Ftingir  origin  and  evohului]  of,  274 
Fusion  of  parts,  31^5 

Gameian^nuiti.  204 

Gamete,  l«i6,  182,  185*,  IMiS,  2tl4 

Gameiophyit^,  220 

Gametopbyto,  degeueratiou  of,  401- 
40U 

GamopetalouB,  12(i 

Gamosepalou!*,  \2^ 

Gast-ronjycetes,  2nB*,  2«J>* 

Geaattv,  21^,  20ff* 

Generations,  alternation  of,  220,  278, 
345-350 

Generative  cells  in  pollen  tube,  142*, 
3(53,  372*  373,  382* 

Genus,  153 

Geography,  plant,  definition  of,  2 
■~      Geography,    plant,    of    the    United 
States,  489-495 

Geotropism,  31,  32*,  39,  44 

Germ  diseases,  235,  230 

Germination,  6-14* 

Germination,  chemical  changes  dur- 
ing, 6,  7 

Gill  fungi,  265-267* 

Gills,  266,  267* 

Ginkgo,  motile  sperms  of,  363 
'.    GlcBocapsa,  174* 

Gloeotrichia,  176*,  177 

Glucose,  108 

Grafting,  68*,  69* 

Grain,  7*,  147,  505*,  514-516 

Grape  sugar,  79,  108 

Grap^ine  blight,  247  x 

Grasses,  398,  514,  515 

Grass  pistil,  421* 

Gravity,  31,  39,  44 

Gray,  Asa,  46 


Green  algw,  17(U204* 

Green  alga?,  reprodmuive  organs  of( 

204 
Green  algffj,  sumraary  of,  20»S 
Green  felt,  107,  200* 
Green  layer  of  bark,  71,  72 
Ground  tissue,  313 
tiro  wing  point,  24*,  280*,  3l«i* 
G  ro  w  tb ,  raeasurem  en  i  of,  i  n  ate  m ,  1 7  •    i 
Growth,  secondary,  65-fl7* 
Guard  eel  la,  1*M* 
Gulf  weed,  212*,  213 
GyiODOsperni,  life  history  i>f,  375 
Gymnospt^rJnisi,  'M^'61^t^ 
Gytnuosperms,  128,  aii»-376* 
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Hajmatoeoccus,  181 

Hairs,  417,  418 

Hairs  on  leaves,  HO 

Hairs,  root.  ]-%  10*,  24,  26*,  27*,  28 

Hairs,  sLinping,  418* 

Halberd-shaped,  App.  I 

Half- inferior  ovary,  130* 

Half  parasites,  408 

Halophyles,  451*,  4G8*,  401),  4ai* 

Ilaid  bast,  25*,  00-Ott* 

Hanstnrla,  22*,  248 

Head,  134* 

Heart-shaped,  App.  I 

Heart  wood,  71,  72 

Helianthemum,  487* 

Heliotropic  movements,  101* 

Heliotropism,  101* 

Hepaticae,  279-289* 

Herbs,  46 

Heterocysts,  176* 

Heterogamy,  190,  204,  212,  224 

Heterospory,  320,  322,  324,  351-353 

High   mallow,  provisions  for  cross 

pollination  of,  429* 
Hilum,  5* 
Homology,  151 
Honeybee,  leg  of,  422*,  423 
Honey  gland,  423 
Honey  locust  thorn,  44* 
Hop,  twining  of,  49* 
Horse-chestnut,  leaf  arrangement  of, 

95* 
Horsetails,  325-329* 
Host,  22*  23,  407 
Hot  springs,  plants  in,  178 
Hyacinth,  bulb  of,  63* 
Hybrid,  501 

Hybrid  blackbenies,  leaves  of,  610» 
Hybrid  plums,  510* 
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Hybridizing,  601,  602*,  609-613* 
Hybrids,  production  of,  601,  602*, 

609-613* 
Hydnum,  266* 
Hydrogen,  28,  29 
Hydrophytes,  469-402*,  482,  488 
Hydropterales,  320 
Hymenium,  264,  267* 
Hymenomycetes,  264-267* 
Hypha,  240 

Hypocotyl,  6*,  6*,  12*,  16 
Hypocotyl,  cross  section  of,  65* 
Hypogynous,  130* 
Hypogyny,  396 

Iceland  moss,  266*,  2r)7 
Imperfect  fungi,  254 
Indefinite  annual  growth,  42 
Indehlscent  fruits,  147-140* 
Indeterminate    intlorescence,    132*, 

133 
Indian  corn,  kernel  of,  7* 
Indian  corn,  root  lip  of,  24* 
Indian  corn,  structure  of  stem  of, 

68* 
India-rubber  plant,  leaf  of,  465* 
Indusium,  308*,  313 
Inferior  ovary,  130*,  135*,  150* 
Inflorescence,  132-137* 
Inflorescence,  determinate,  1  •')(»,  137* 
Inflorescence,  diafrrains  of,  13()* 
Inflorescence,    indeterminate,    132*, 

133 
Insectivorous  plant><,  409-412* 
Insect  pollination,  422-432* 
Insects,  pollen-carrying  apparatus  of, 

422*,  423 
Insects,    sense    of    smell    of,    423, 

424 
Insects,  vision  of,  424 
Insect  traps,  leaves  as,  409-412* 
Insertion  of  floral  organs,  130* 
Integuments,  35(>,  3()2*,  370*,  371, 

881,  383*,  386* 
Intercellular  spaces,  103*,  111* 
Internal  structure  of  dicotyledonous 

stem,  69-62* 
Internal  structure  of  monocotyledo- 

nous  stem,  67,  58* 
Intemode,  16,  17* 
Invasion,  451,  452 
Involucre,  134,  136* 
Iris,  rootstock  of,  51* 
Irish  moss,  214*,  216 
Iron,  28,  29 


Irritability  in  plants,  nature  and  oc- 
currence of,  36,  36,  49.  97-99* 
Irritability  in  roots,  39 
Irritability  of  protoplasm,  36,  36 
Irritability  of  tendrils,  48*,  49 
Isoetes,  338*,  33J)* 
Isogamy,  186,  204,  224 
Ivy,  aerial  roots  of,  20* 

Jungermanniales,  286-287* 

Keel,  126* 

Kelps,  207*,  208*,  209* 
Kidney-shaped,  A  pp.  I 
Knees,  111,  Plate  III 
Knot  and  wart  fungi,  262* 
Knots,  67,  68* 
Krakatoa,  45() 

Labiate,  App.  II 
Lachnea,  251* 
Lamina,  88 
Laminaria,  207* 
Lanceolate,  App.  I 
Lateral  buds,  40*,  46*,  82* 
Leaf,  15-18*,  88-122* 
Leaf,  accumulation  of  mineral  mat- 
ter in,  120 
Leaf  arrangement,  94-101* 
Leaf  bases,  52*,  App.  I 
Leaf  blade,  88 

Leaf  buds,  40,  41,  45*   46*,  83*,  84* 
Leaf,  fall  of,  120-122 
Leaf  forms,  90 
Leaflet,  85,  86* 

Leaf,  member  of  plant  body,  88 
Leaf  mosaics,  95*,  96,  97* 
Leaf  outlines,  App.  I 
I^af  scars,  52*  81* 
Leaf  sections,  102,  103*,  465*,  466* 
Leaf  spine,  416*,  417* 
Leafstalk,  88 
Leaf  tendril,  92* 
lA",if  tips,  App.  I 
Leaf  traces,  105*,  106 
Leafy  liverworts,  285-287* 
Leaves  as  insect  traps,  409-412* 
Leaves,  componnd,  91-93* 
leaves,  cutting,  418* 
Leaves,  divided,  90,  91* 
Leaves,  functions  of.  102-122* 
I-.eaves,  movements  of,  97-101* 
Leaves  of  xerophytes,  465*,  4(J6* 
Leaves,  simple,  88-91* 
Leaves,  structure  of,  102-122* 
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Legume,  147,  44a- 

MigMpore,  322 

Lenticelfl,  71 

Mega^mophylK  334,  309 

LepidodfendKin,  340,  Plata  VIIl 

Meloo,  leaf  of,  8i*» 

LeucoplastB,  lltS 

Mesembr}  anihemum,  46a* 

Lianas,  47»,  48 

Meaophyll,  1U3',  105 

Lichen,  254-257,  Plate  V 

Mesophytes,  45fi,  4f)7,  4«I8 

Lichens,  nature  of,  2mj 

Me^iuite,  root  syHtt!iii  of,  *I1        ^^m 

Life  hiHtory,  clxrumosomu  oount 

i», 

Metabolimn,  114,  115                   ^H 

348 

MeUUjlisni,  digeeiive,  114           ^^ 

Light,  tiXpoBure  Uy,  Mt 

Metadilamydett?,  307.  391*,  4m             1 

Light,  movements  away  from,  30, 

101 

MicropyJe,  0*,  14:2,  144",  ^^  atia»,  J 

Light,  raovomentfl  towards,  101 

.^Bl,  3B3*                                            J 

Ligniti(?^tion,  3^7 

MioroBph^era,  24^,  230                       1 

Lignin,  114 

Micro^porangium,  334                          1 

Ligule,  338* 

Microspore,  322                                    J 

Li  ad  mildew,  240*,  2m 

Microaporophyll,  3:^'!,  300            ^^ 

Lily,  377*,  37S*    3SU*    a83*,  384», 

Midrib,  mi*                                    ^H 

38o* 

Mildews,  24S-260*                            ^" 

Lily,  poUcn  grains  pnidudug  lubes 

Mildews,  grei^ii  and  yellow,  2m* 

on  siigtaa,  142* 

Mineral  matter  accamuiatcd  ifi  thf 

Lime,  120 

leaf,  120 

Linden,  fruit  cluster  of,  480* 

Mistietoe,  408 

Linden  wood,  structure  of,  0(t» 

Mixed  buds,  83 

Linear,  App.  I 

Modified  leaves,  80,  8l» 

^^^K      LinnfG;ti3,  153 

Moisture  favors  root  growth,  311 

^^B      Liverworts,  275,  270-28fl* 

Moldd,  230-242* 

^^^^     Living   matte  Ft    propenies  peculiar 

Monad  el  photifi,  127,  128* 

to,  167 

Mumthlepharis,  247 

"^ 


Living  parts  of  the  stem,  71,  72 

Lobe,  126* 

Locales,  129*,  148* 

Locust,  pinnately  compound  leaf  of, 

92* 
Locust,  thorn  stipules  of,  417* 
Lycoperdon,  268* 
LycopodinesB,  329-339* 
Lycopodium,  330-332* 

Macrocystis,  208* 

Magnesium,  28,  29 

Magnolia,  forking  of,  42,  45*,  46* 

Mallows,  pollination  in,  429*,  430* 

Malt,  10,  11 

Maltose,  79 

Mangrove,  468* 

Maple  fruit,  147* 

Marchantia,  280-285* 

Marchantiales,  280-285* 

Marestail,  air  passages  of,  111* 

Marsilia,  321-323* 

Mat  plants,  51 

Mechanics  of  stem,  58*,  59, 60*,  62*, 

312* 
Medullary  ray,  60*,  66,  71,  72,  367 
Megasporangium,  334 


Monocotyledonese,  397,  398 
Monocotyledon ous  plants,  18 
Monocotyledonous  stems,  67-69* 
Monocotyledonous  stems,  growth  of, 

in  thickness,  69 
Monocotyledonous    stems,    rise    of 

water  in,  75* 
Monocotyledons,  397,  398 
Monoecious,  124* 
Moon  wort,  324* 
Morchella,  261,  252* 
Morel,  251,  262* 
Morphology,  1,  151 
Mosaics,  leaf,  96*,  96,  97* 
Moss,  life  history  of,  294-297* 
Mosses,  275,  289-301*  , 

Moths,  427* 
Mougeotia,  194 

Movement  of  water  in  plants,  73-78* 
Movements  of  leaves,  97-101* 
Mucor,  243* 
Mucorales,  239-242* 
Mucronate,  App.  I 
Mulberry,  149* 
Multiple  fruits,  146,  149*,  160 
Musci,  275,  289-301* 
Mushroom,  266,  267* 
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^ns,  497-499 

ift:ed  seedlings,  growth  of,  8* 

Jura,  24()« 

frhiza,  2(59,  270* 

phyllum,  5()* 

mycetes,  1(39  n. 

I  buds,  80*,  81* 

al  selection,  498 

Lska  vegetation,  Plate  IX 

r,  423 

r  glands,  423* 

Ties,  423 

ido,  radial  and  cross  sections 

Item  of,  01* 

lion,  210,  217* 

►cyst  is,  209* 

fungi,  2(>9* 

d  veined,  89*,  90* 

%  stinging  hair  of,  418* 

shade,  leaf  of,  41()* 

a,  201 

Ication,  233 

?en,  28 

tjen,  circulation  of,  231*,  2:^3 

^en,  fixation  of,  234,  235 

irnal  position,  97,  98* 

,  10,  17*,  57,  59 

•nclature,  153 

•c,  170,  177 

led,  A  pp.  I 

llus,  350,  ;;71,  372*,  3S1*,  38(5* 

•ar  division,  105* 

'ole,  1()4 

us,  34,  35*   104* 

147*,  14K 

ent  substances,  28,  29 

tion  of  plants,  10(J-111 

eaves,  arrangrment  of,  94* 
root  system  of,  20,  27 
rdate,  Apj).  I 
ite,  App.  I 
»e,  Apj).  I 

i  of  flowers.  423,  424 
jcmium,  1H8-11K)* 
sive-smelling  plants,  419 
,  11 

elled  green  algje,  179-184* 
I  leaf,  section  of.  5.3* 
ea,  315* 

lium,  188.  189*.  204,  212 
)re,  1(50.  183*.  189*,  204 
Ing,  490,  531* 
veining,  89*,  90* 


Ophioglossum,  324» 

Opposite  branching,  41* 

Orange,  148* 

Orbicular,  App.  I 

Orchid,  aerial  roots  of  an,  19* 

Order,  163 

Origin  of  sex,  187 

Oscillatoria,  175,  176* 

Osmosis,  30-:^9* 

Osmosis  in  an  egg,  37* 

Osmosis  in  root  hairs,  39 

Outline  of  classification,  156 

Ovary,  128*,  377* 

Ovate,  App.  1 

Overcrowding,  448-450* 

Ovule,  123*,  128,  356 

Ovule  case,  377*,  380* 

Ovule,  structure  of,  144* 

Oxalis  leaf,  development,  86* 

Oxidation,  7 

Oxygen  making,  7,  28,  29,  113,  116 

Pacific  slope,  490,  494,  496 

Paleobotanv,  definition  of,  2 

Palisade  ceils,  102,  103*  106»,  107 

Palmate,  89,  91*,  92* 

Palms,  67*,  111*  Plate  XIII 

Pampas  region,  461 

Panicle,  136*,  136 

Pansy,  leaf-like  stipules  of,  88* 

Papilionaceous  corolla,  126* 

Pai)ill}e  on  sti^nna  of  a  lily,  142* 

Parallel  veining,  89*,  90 

Paraphysis,  251*  298* 

Parasites,  22*  23,  172,  227,  407-409* 

Parasitic  roots,  22*,  23 

Parenchyma,  64*,  106* 

Parietal  placenta,  121>*,  130 

Parthenogenesis,  244 

Pea  pod,  443* 

Pea  seedling,  mutilated,  8* 

Pea  seedling  on  whirling  disk,  82* 

Peat,  291,  2t>2 

Peat  bogs,  292 

Peat  moss,  290-292* 

Pedicel,  133* 

Peduncle,  183* 

Peltate,  App.  I 

PenicilHum,  260* 

Pepo,  149 

Perennial,  20*,  40 

Perianth,  128«,  ISO*,  1S9«,        ,  136*« 

Aop.  U 
Fe     1       fi 

FSn         ^ 
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Ferigynous,  130* 
BBri^yiiy,  d05 
PeronaqH>m]fiB,  244-247* 
Ftotal,  128, 877* 
F6tioie,88 

PliaDeiugaQiSi  lifA 

Phloem/:^  12* 

PhoEiphatei;,  2i)  ^ 

FhosphoruB,  ^H,  2t»  ^ 

Photu8yntht?sis,  107-115*  102,  172 

Phy  CO  my  evt-ei? ,  JiSit-^-l  7  * 

Phylloxera^  247 

Phyecia,  l*hay  V 

Physiology,  plfint»  defitution  of,  2 

Phytoplitliora,  24 ti* 

Pine  forests,  407*.  mh  &2W*_ 

Pm«  iieedlt,  304.  305*         M 

Piue  £3eedling,  IB*  ^ 

Pine  Btem,  3fitJ^ye(^ 

Pmui0,  leaflets  of  a  pinnately  com- 

pLUiiid  leaf,  92* 
PiQnate,  80,  iK)*,  01*,  02* 
Pinnules,  leartt?t*  of  a  pinnately  twice 

corn  pound  kfaf,  M* 
PistU,  123-120*,  I2fl*,  35B,  377* 
Pistniftte  fiowtT,  124* 
Pltcber  plant,  409* 
Pith,  6&^1*  Co*  07*  72,  366* 
Placenta,  12l»*,  130 
Plains  region,  490,  492,  493 
Plankton    105 
Plant  breeding,  600-513* 
Plant  cell,  159-161* 
Plant  communities,  447 
Plant  ecology,  definition  of,  2,  3 
Plant  evolution  up  to  pteridophytes, 

306 
Plant  formations,  474-480* 
Plant  geography,  481-495* 
Plant  geography,  definition  of,  2,  3 
Plant  geography  of  United  States, 

489-495* 
Plant  fertilizers,  524 
Plant  fibei-s,  526-529* 
Plant  food  for  domestic  animals,  523, 

524 
Plant  food  for  human  use,  514-522* 
Plant  fuel,  534 
Plant  ir rains,  514-616* 
Plant  man  uf acta  r<?fi,  524,  525* 
Plant  medieinea,  522,  52a 
Plant  iliv^inlugv.  definition  of ,  2 
Plant  products,  514-535* 


Plant  societies,  447 
1*1  tint  BUoreasions,  454-458* 
Plant  timber,  520-533* 
plants,  '^^^stmction  of,  bv  anl 

r4i;^     ■ 
^ts,  grou|i3  c»f,  in  relation  Ut  1iiiI«t 
con 0 my,  450 
1     ^t^  of  uneatable  teicture.  4Lii 
t    tQLa,  ornamental,  534,  5^)5 
U     rgmolysla,  3S* 
m    ismopara^  247 
1     tt^eermm,  30S>*,  310,  472* 
]     nfti^ofcus,  170-1  SO* 
■■-     urotus,  Plate  VI 

iwrightia,  25:^* 
.     imule,  5*  8,  7%  14,  15 
i  iiirll ocular  spomngla.  2(HJ*,  2^)7 
Pod,  441-443* 

P    isonous  pUnte,  419  ' 

V    Bonous  roots,  25 
P   sonoua  saedn,  11,  419 

ar  nuclei,  3S3* 
I  Jarded  trees.  87 
I-    ilen,  127,  Hi*,  358 

len-carryin^  apparatus.  422 'j  423 
:     lien  chamber,  362*,  37 1 
jrijilen,  discharge  of,  140 
Pollen   grain,   germination   of,   142, 

143* 
Pollen  grains,  number  of,  per  ovule, 

144,  145 
Pollen,  protection  of,  426,427,  434*, 

435 
PoUen  sac,  37&*,  370,  380 
PoUen  tubes,  142*,  143* 
PoUinaiion,    142*,    144*     145,   IVu, 

371,  42(^434* 
Pollution  of  water  supply,  171,  178 
Polyadelphoua,  127 
PoljijetalouB^  12fJ 
Pnlvsepalous,  120 
P.iry:iipboiiia,  218,  219* 
PifhtriL-ljuta,  200* 
Pome,  148 

Pond  scum,  103-195* 
Pond  donation,  476-478- • 
Pore  fun^.  204,  2flri* 
Porella,  2S0*,  287* 
Position  of  buds,  82*,  83,  87* 
Poslel-sia,  200* 
Potiisf^lnm,  28,  29 
Potato  blight,  or  rot,  246* 
Potato  tuber,  62*,  63,  78,  79    . 
Prairies,  492,  493 
Prickle,  416*,  417* 
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ly  leaves,  416*.  417* 

iry  root,  0*,  12*,  10*,  10 

live  flowers,  898 

.mbium,  Go* 

lets,  plant.    See  Plant  products 

mbryo,  144,  145* 

ycelium,  251)*,  261*,  271 

igation  by  roots,  436 

igation  of  plants,  436-446* 

nchyma,  64 

ction  of  plants  from  animals, 

-41D* 

ction  of  pollen,  42(>,  427,  434*, 

ids,  9*,  11*.  25 

allial  cell,  322*,  323,  335*.  368*, 

*,  373 

allium,  315-317* 

basidiomycetes,  258-264* 

coccales,  179,  184* 

nema,  294* 

plasm,  34,  35*,  112,  156-168* 

plasm,  characteristics   of,  34- 

plasm,  circulation  of,  202 

plasm,  continuity  of,  99,  214 

plasm,  structure  of,  157 

plast,  34,  35*,  KU 

siphon,  206* 

zoa,  157 

lophyta,  :I06-341* 

lophytes,  3()6  :>4  I* 

lophytcs,  <'\()lutiou  of.  34;> 

lophytes,  origin  of,  342 

lophytes,  summary  of,  343,  344 

losperniJE,  392  n. 

lines,  232,  236 

i  health,  236,  237 

nia,  260-2(>3* 

ill,  268* 

ting  vacuole,  158* 

lus,  99* 

loid,  160*,  162 

am,  247 

504 

ne,  133* 
1  symmetry,   123*,   125,   126*, 

* 

tinp  stems.  51 

hcs,  ('omj)t'tition  among,  449* 

all,  481,  488,  489* 

>erry,  43r)*,  445* 

lowers.  134*.  135* 

inedulhiry,  60*,  60,  71,  72 


Receptacle,  123*  126*,  130* 
Keceptacle  of  brown  algae,  210*,  212 
Receptacles    of    Marchantia,    282*, 

284* 
Red  algse,  213-220* 
Red  alg%,  life  habits  of,  214,  215 
Red  alga),  summary  of,  219,  220 
Red  clover,  leaf  of,  98* 
Red  snow,  182 
Regions  of  vegetation,  481 
Reindeer  moss,  267* 
Reproduction,  36 
Reproduction    in   flowering  plants, 

138-146*,  436-446* 
Resin  duct,  300* 
Respiration,  107,  110-115 
Resting  buds,  80 
Resting  condition,  112 
Resurrection  moss,  333 
Retuse,  App.  I 
Rhizoids,  280*,  281* 
Rhizopus,  240,  241* 
Rhodophyceaj,  2i:i-220* 
Rhubarb  roots,  20* 
Ricciales,  279,  280* 
Ricciocarpus,  280* 
Rigid  tissue,  312,  313.    See  Scleren- 

chyma 
Ring,  annual,  00*,  08* 
Ringent,  App.  II 
Rise  of  water  in  stems,  73-75* 
Rockweeds,  210-212*,  Plate  IV 
Rooky   Mountain  region,  490,  493, 

494 
Root,  0*,  12*,  13,  15-.*J3* 
Root  absorption,  30 
Root  absorption  and  temperature,  30 
Root,  adaptation  to  work,  33 
Root  cap,  24* 
Root  climbers,  20*,  48 
Root,  dicotyledonous,  section  of,  26* 
Root,  fleshy,  23* 

Root  hair,  16,  16*,  24,  26*,  27*,  28 
Root  pressure,  2i)*,  80 
Root  sections,  24*,  26* 
Root  system,  20,  27 
Root  tubercles,  234* 
Roots,  absorbing  surface  of,  27 
Roots,  adventitious,  19 
Roots,  aerial,  19-21* 
Roots,  brace,  21* 
Roots,  fibrous,  23* 
Roots,  movements  of  young, 
Roots,  parasitic,  22*,  28 
Roots,  pine,  lateral  ext 
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Roots,  primary,  «♦,  12*,  16*,  19 
Roots,  propagatiou  by,  436 
Roots,  secondary,  6«,  12*,  19,  32* 
Roots,  selective  action  in,  36 
Roots,  storage  of  noorishm^it  in, 

23*,  25,  26» 
Roots,  structure  of,  24,  25 
Roots,  tertiary,  19 
Roots,  water,  20 
Rootstock,  51»,  52«,  53 
Rosette  plants,  50*,  51 
Rotation  of  protoplasm,  202 
Rots,  246*,  253,  254 
Russian  thistle,  440*,  447,  448 
Russian  thistle,  spread  of,  451,  462 
Rusts,  260-264* 
Rye  grass,  Plate  I 

Saccharomycetes,  238*,  239 

Sac  fungi,  248-257* 

Sac  fungi,  summary  of,  257 

Sagebrush,  480,  493,  494 

Sage,  pollination  in  flowers  of,  430*, 

431* 
Sagittaria,  leaf  of,  461* 
Si^  palm,  78 
Sahara,  482* 
Salicornia,  483*  493 
Salt  marsh  plants.    See  Halophytes 
Salt  marshes,  458 
Salts,  29 

Salver-shaped,  A  pp.  II 
Salvlnia,  320* 

Sap,  descent  of,  74*,  75*,  77 
Sap,  rise  of,  29*  30,  74*,  75*,  77 
Saprolegnia,  244* 
Saprolegniales,  242-244* 
Saprophytes,  172,  227,  409 
Sapwood,  72 
Sargassum,  212*,  213 
Scale,  16,  18 
Scalloped,  App.  I 
Scaly  buds,  81 
Schizocarp,  147* 
Schizomycetes,  228-237* 
Scion,  68 

Scirpus,  cross  section  of  stem  of,  58* 
Sclerenchynia,  58*,  59 
Scotch  pine  (Pinus  sylvestris),  366*, 

368*,  370* 
Scouring  rush,  325 
Sea  lettuces,  187* 
Seasonal  plants,  459,  467 
Secondary  growth,  66-67* 
Secondary  root,  6*,  12*,  19 


i  '  roi       <     iction  of,  32* 

.. ,     .  \    '*B*,  40<I* 

Gliofis,  tx)ot,  24*,  25» 

:  lion  a,  wood,  GiKtJB* 

ige,  rootstock  of^  ol* 

?d,  5^12*,  355,  366 
cTced  coAts,  C,  13 
s    £d  dispersal,  438-44(1* 

^  Imbit,  origin  of,  389^^93 
--ed  leaf,  6-14*   18* 

edlings,  6*,  8*,  0-18*,  22 

idlings,  mutilated  growth  of,  8* 
-i^'ed  planta,  5-14*.  18* 

?d  plants,  origin  of,  ^389 
oTr£?ds.  bitter,  11,  411i 

gds»  poisons  in,  11,  419 

Iftginella,  332-337* 
cnrlagjneIJa,  Hfe  history  of,  336 
Sii'lagi nulla,  summary  of,  337 

lection  by  plant  breeder,  500-500 
■--'r.leclioii,  imtiiraU  498 

leciive  absorption,  3(5 

If  pollination,  420 
o^nsitire  plants,  1>H,  m 

pal,  123*  377 

:iuoia,  42,  46,  U,  4B2,  491* 
ordsile  anthers,  121 
Sessile  leaves,  88 
Sessile  Biigina,  128 
Sex,  evolution  of,  223,  224 
Sex,  origin  of,  187 
Sexual  characteristics  given  by  heter- 

ospory,  362 
Shade  plants,  470*,  471 
Shame  vine,  98*,  99 
Shepherd's   purse,   development  of 

embryo  and  ovule,  386* 
Shepherd's   purse,    development  of 

flower  of,  387* 
Shoot,  16 

ShoK-stemmed  plants,  60*,  61 
Shrubs,  46 
Sieve  plate,  63* 
Sieve    tubes,    61-63*,    67,    72,    76, 

105* 
Sigillaria,  340,  Plate  VIII 
Silica,  120 
Simple  leaves,  91 
Simple  pistil,  128 
Simple  umbel  of  cherry,  133* 
Siphonales,  197-201* 
Siphon  algje,  197-201* 
*'  Sleep  "  of  plants,  97,  98* 
Slime  molds,  169 
"Smilax,"  56* 
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Smoke  tree,  438* 

Smuta,  259* 

Social  plants,  447 

Soft  bast  (sieve  tubes),  61-63* 

Soil,  arid,  zonation,  476-478* 

Solomon's  seal,  parallel- veined  leaf 
of,  89* 

Sorus,  313 

Spatulate,  A  pp.  I 

Species,  153 

Sperm,  166,  18:)*,  204,  212 

Spermagonia,  262* 

Spermatia,  262* 

Spermatophyu,  354-401* 

Spermatophyte,  354-401* 

Spermatophytes,  400 

Sphserella,  180-182* 

Sphagnales,  200*,  2i)l* 

Sphagnum,  21M)*,  2iU* 

Spike,  133,  134* 

Spine,  416*,  417* 

Spiral  vessel,  62* 

Spirogyra,  166* 

Sporangium,  185*,  204,  313,  314* 

Spore,  166 

Spore  case,  313 

Spore  formation  of  ferns,  313 

Spore  fruit,  321*,  322 

Sporidia,  251)*,  261*,  271 

Sporophyll,  314,  315* 

Sporophyll,  arrangement  of,  in 
flowers,  304 

Sporophyte,  220,  277.  200.  318 

Sporophyte,  evolution  of,  4(12-404 

Sporopliyte,  origin  of,  340 

Spot  fungi,  253,  254 

Spreading  growth,  43* 

Spring  spores  of  wheat,  261* 

Spruce,  Douglas,  403,  Plate  XII 

Spur,  fruit,  83*,- 84* 

Squash  seed,  section  of,  5* 

Stamen,  12^^131*,  358.  368*.  3(>0, 
877*,  37S*,  370,  380 

Stamen,  parts  of,  127* 

Staminate  flower,  124* 

SUndard,  125* 

Starch,  0-11*,  25.  107-110 

Starch  disappears  during  germina- 
tion, 10 

Starch  in  leaves,  107-110 

Starch  making,  rate  of,  100,  110 

Stem,  15-33*,  40-70* 

Stem,  active  i)ortion8  of,  71 

Stem,  comparison  of  monocotyledo- 
nous  and  dicotyledonous,  70 


Stem,  definition  of,  40 
Stem,  dicotyledonous,  minute  struc- 
ture of,  59-67* 
Stem,  early  history  of,  64,  65* 
Stem,  functions  of  cells  of,  71,  72 
Stem,  living  parts  of,  71-79* 
Stem,  modifiability  of,  69 
Stem,  monocotyledonous,  57-59* 
Stem,  nature  of,  40 
Stem,  structure  of,  67-70* 
Stem  structure,  early  history  of,  64, 

65* 
Stems,  climbing,  47-60* 
Stems,  condensed,  54* 
Stems,  storage  of  food  in,  78,  70 
Stems,  twining,  40*,  50* 
Stemless  plants,  50*,  52 
Sterigmata,  266 
Stiffening,    mechanics  for,  58*,  59, 

63*,  64* 
Stigma,  128*,  377 
Stimulus  to  protoplasm,  35,  36,  39 
Stinging  hair,  418* 
Stipa,   cross  section  of    rolled  and 

unrolled  leaves  of,  46(J* 
Stipe,  208 
Stipules,  80,  82* 
Stock,  69 

Stolon,  with  tips  rooting,  436* 
Stoma,  288,  280*  301* 
Stomata,  71,  103*,  118,  110 
Stomata,  operation  of,  118 
Stone  fruits,  uses  of,  444,  445 
Stone  worts,  201,  202* 
Storage  of  food  in  the  root,  23*,  26, 

26* 
Storage  of  food  in  the  seed,  8-11 
Storage  of  food  in  the  stem,  52-64*, 

78,79 
Strawberry,  148* 
Strobilus.  327 

Struggle  for  existence,  447-4r>l,  497 
Style,  128* 
Suberin,  117 
Submerged  leaves,  4(>1* 
Successions,  plant,  454-468* 
Sucking  roots,  22* 
Sugar,  10,  11,  26,  79,  107,  112-116, 

522 
Sugar,  formed  daring  gennlnaiion, 

10,  11 
Sugar  cane,  cixMi  Met        if  a 

from,  75* 
Sulphates,  29 
Sulphur,  S8,  S9 
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Summer  eporea  of  wheat,  262,  363?^^ 
Sumltw,  410*  411* 
Su.li  plants,  470*^  471 
Superior  ovary,  130* 
Supemimierary  biids^  82* 
Surviyal  of  the  fittest,  498 
Susperisor,  144,  145%  :^:5o»,  836,886, 


Swamp  zonation,  476-478* 

Swarm  spores,  186*  186,  204 

Sweet  pea,  flowers  of,  125* 

Symbiosis,  265 

Symmetry,  128*,  126,  126*,  188* 

SympetalsB,  397 

Sympetalous,  126 

Sympetaly,  396 

Syncarpy,  395 

Synergids,  883* 

Synsepaloos,  126 

Synsepaly,  395 

Systematic  botany,  definition  of,  2 

Taper-pointed,  App.  I 
Tap  root,  23* 
Taxonomy,  definition  of,  2 
Teeth  of  moss  spore  case,  300* 
Teleutospores,  260*,  261 
Temperate  plant  associations,  482, 

483 
Temperature  and  germination,  7 
Temperature  and  leaf  movement,  97, 

98 
Temperature    and    photosynthesis, 

108,  110 
Temperature  and  respiration,  110- 

112 
Temperature  and  root  absorption,  30 
Temperature  and  root  growth,  39 
Temperature  and  transpiration,  120 
Temperature   and  vegetation,  481- 

488 
Tendril,  48*,  49 
Tendril  climbers,  48*,  92* 
Terminal  bud,  40*  42*,  43*  45*,  46*, 

52*,  82*,  83*,  84* 
Terminal  flowers,  132* 
Tertiary  root,  19 
Testa,  5*,  6*,  370*,  375 
Tetrad,  219,  277,  280*   289*,  369 
Tetraspores,  219* 
Thallophyta,  172-274* 
Thallophytes,  172-274* 
Thallophytes,  summary  of,  304,  305 
Thallus,  172 
Thistle,  Russian,  440*,  447,  448 


'     . ^a .  A* 

\     kle  grasa,  442* 

"     :ibtir  line,  486* 

'     Biie,  04,  11)7 

\  u*uisttjoJ,  265-267* 

ToDth  fungi,  265* 

T   tins,  2^6 

Ti*t«;heid^,  311,  312*,  36ti*,  M7 

T   iBcslLion  from  stamens  to  p&tal^ 

Tn^nispirutiotJ,  107,  116 

T    uMpi ration,  amount  of,  119,  120 

T    insportation  by  water,  441,  442 

Tite  fenm,  309,  Plate  VII 

Tri  :ea,  45 

lYiies^  age  of,  40 

Tricbogj^ne,  210.  217* 

Trimorpliou^  flowers^  4f*2 

Tmpieolum,  p€?Ltole,  coiling  of,  49* 

Tri  (pical  plant  aatsodaiioiis,  481, 482*, 

]*laie  XI II 
Tropophyt*-8,  469,  482 
Truffles,  253 
Truncate,  App.  I 
T   ink,  42*.  4ii* 
Tuoe  nucleuB,  372-.  373,  382* 
Tubtjr,  52*,  53 
Tuber  brumale,  253 
Tubercles  on  roots,  234* 
Tubular  corolla,  App.  II 
Tumbleweeds,  440*,  441*,  442* 
Turgor,  118 
Turnip  seedling,  16* 
Twayblade,  beetle  on  flower  of,  426* 
Twigs,  40«,  46* 
Twiners,  48*,  49*  50 
Twining,  rate  of,  50 

I'lothrix,  184-186* 

Ulva,  187 

Umbel,  133*,  135* 

Umbellet,  135*,  136 

Underground  stems,  51*,  52*,  53*, 

54,  78,  79 
Uneatable  plants,  50*,  52,  415-419* 
Unilocular  sporangia,  206* 
Union  of  carpels,  128,  129* 
Union  of  stamens,  127*,  128* 
Unipistillary  fruits,  146 
Unisexual  flowers,  124* 
United  States,  plant  geography   of, 

489-495* 
Upright  growth,  42* 
Uredospores,  262*,  263* 
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Uridinales,  200-264* 

Uroglena,  170*   171,  178 

Uses  of  the  components  of  the  stem, 

72 
Usnia,  267* 
Ustilaginales,  259* 
Ustilago,  259* 

Vacuole,  pulsating,  168* 
Variation,  49(5,  497,  499 
Variety,    600,    508,    504,    506-508, 

512* 
Vaucheria,  197-200* 
Vegetable  physiology,  2 
Vegetation,  alpine,  484-487*,  498 
Vegetation,  arctic,  484* 
Vegetation,  regions  of,  481 
Vegetation,  teniixMate,  482.  483 
Vegetation,  tropical,  481,  482* 
Vegetiitive  organs,  15 
Vein,  89*,  10(i* 
Venation,  8J)*,  100* 
Venus  flytrap,  411.  412* 
Vernation,  85.  8<;* 
Vertically  pljictd  leaves,  100*,  101* 
Vessel,  61*,  72 
Volvox,  182-184* 

Walking  fern,  310* 

Water,  absorption  !)v  roots,  2S 

Water,     anu)unt     transpirtMl.      119, 

120 
Water  bloom,  177 
Water,  excreti(»n  of,  115-  120 
Water  fern,  ;I20* 
Water  lilv,  flower  of,  130*,  139* 
Water  molds,  242-244* 
Water,  movement  of,  28-30*,  73-78*, 

105,  10(;*,  11(>-120 
WaU>r  roots,  20 

Water  supply,  pollution  of,  171,  178 
Weapons  of  i»lants,  416-419* 
Wedge-shaped,  App.  I 


Weeds,  462,  463 

Wheat  grain,  section  of,  9* 

Wheat,  hybridizing  of,  612*,  613 

Wheat  rust,  260-263* 

Wheat,  selection  among,  607-609 

Wheel-shaped,  App.  II 

Whorl,  123* 

Willow,  adventitious  buds  of,  87 

Willow,  arctic,  484* 

Willow,  flowers  of,  124* 

Wind  pollination,  421* 

Winged  fruiu  and  seeds,  439-441*, 

442* 
Wings,  125* 
Winter  bud.s,  80 

Winter  spores  of  wheat,  260*,  261 
Witches'  broom,  264 
Wood  cell,  25*  61*,  62*.  72,  75* 
Wood,  coniferous,  36(5*,  3(57 
Wood  of  linden,  (»5* 
Wood  i)anMichyma,  (J4 
Wood  sections,  59-68* 
Wood,  structure  of,  61*,  (5:{*,  (W* 

Xenia,  384  n. 

Xer(»phyU»8,  459,  462-4(56*,  482,  485 

Xerophytic  leaves,  4(55*,  4(56* 

Xylaria,  252 

Xylem,  311,  312*,  3(56*,  3(57 

Varrow.  head  of,  135* 
Veast.  2:JH«,  239 
Yucca,  495 

Zamia,  3(50*,  3(52* 
Zonation,  475-478*,  Plate  X 
Zones,  475-478*,  Plate  X 
Zo5sporangium,  204 
Zoi'Mjpores,  185*,  204 
Zygnema,  ItM* 
Zygomori)hic,  125 

Zygospore,  1(57,  182,  185*,  186,  193*, 
IM*,  204,  2(K5* 
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TEXT-BOOKS  ON  SCIENCE 

FOR  HIGHER  SCHOOLS  AND  COLLEGES 

List     MaiNng 

/rice  price 

Bergen's  Elements  of  Botany.    (Revised  Edition) ^1-30  $1.45 

Bergen's  Foundations  of  Botany 1.50  1.70 

Blaisdell's  Life  and  Health  " 90  i.oo 

Blaisdell's  Practical  Physiology i.io  1.20 

Brown's  Physiology  for  the  Laboratory 75  .85 

Byrd's  Laboratory  Manual  in  Astronomy 1.25  1.35 

Davis'  Elementary  Meteorology 2.50  2.70 

Davis'  Elementary  Physical  Geography 1.25  1.40 

Davis'  Physical  Geography 1.25  1.40 

Dennis  and  Whittelsey's  Qualitative  Analysis i.oo  1.10 

Dolbear's  First  Principle*  of  Natural  Philosophy i.oo  i.io 

Evans'  Introductory  Course  in  Quantitative  Chemical  Analysis       .      .50  .55 

Frost's  Scheiner's  Astronomical  Spectroscopy 4.75  5.00 

Gage's  Principles  of  Physics 1.30  1.45 

Gage's  Elements  of  Physics.   (Revised  Edition) 1.12  1.20 

Gage's  Physical  Experiments 35  45 

Gage's  Physical  laboratory  Manual  and  Notebook 35  .45 

Gage's  Introduction  to  Physical  Science 1.00  1.10 

Gage's  Introduction  to  Physical  Science.    (Revised) 1.00  i.io 

Hastings  and  Beach's  General  Physics 2.75  2.95 

Higgins*  Lessons  in   Physics 90  1.00 

Lincoln's  Hygienic  Physiology 80  .90 

Meier's  Herb.irium  and  Plant  Description.    With  directions  for  col- 
lecting, pressing,  and  mounting  specimens 60  .70 

Moore's  Laboratory  Directions  for  Beginners  in  Bacteriology      .     .     i.oo  1.05 

Nichols,  Smith,  and  Turton's  Manual  of  Experimental  Physics  .    .      .90  i.oo 

Pratt's  Invertebrate  Zoology 1.25  1.35 

Sabine's  Laljoratory  Course  in  Physical  Measurements      ....     1.25  i.^S 

Sellers'  Klementary  Treatise  on  Qualitative  Chemical  Analysis     .       .75  .80 

Snyder  and  Palmer's  ( )ne   Thousand  Problems  in  Physics      ...       .50  .55 

Stone's  KxpLTiin-'ntal  Physics 1.00  i.io 

Thorp's  Inorganic  Chemical  Preparations 1.50  1.60 

Upton's  Star  Atlas 2.00  2.15 

Ward's  Practical  Exercises  in  Elementary  Meteorology    ....     1.12  1.25 

Wentworth  and  Hill's  Text-Book  of  Physics 1.15  1.25 

Wentwdrth  and  Hill's  Laboratory  Exercises  in  Elementary  Physics      .25  .27 

White's  Elementary  Chemistry 1.00  i.io 

Williams'  Ch"mical  Experiments 50  .60 

Williams'  Chemicil  Exercises 30  .35 

Williams' Elements  of  Chemistry i.io  1.20 

Williams'  Introduction  to  Chemical  Science 80  .90 

Williams'  Lal)oratory  Manual  of  Inorganic  Chemistry 30  .35 

Williams'  Lal)oratory  Manual  of  (leneral  Chemistry 25  .30 

Young's  Elements  of  Astronomy 1.60  1.75 

Young's  (Jeneral  Astronomy 2.75  3.00 

Young's  Lessons  in  Astronomy.     (Revised  Edition) 1.25  1.40 

Young's  Manual  of  Astronomy 2.25  2^5 
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Atk  b\         I  >f  Plant  Life      ,     .     ^0.60     $0.70 

"         5  Se<     ]                  /    .     .  .35         .40 

I        s       <  s  ol    Botany  1  Revised 

1^,        tion)  ,,....,...,  1.30       1.45 

3                         of  13(              ,     .     .     .  1.50       1,70 

Be          i  (                           I               rid      .     ,  .40         .45 
Cj               s                     ?f                      and  Sys- 
t(              B*          .      For                lools  and 

e!          tary  col         cou              .     ,     ,     ,  1.12        1.25 

"s  Lit       Flower- people .40         ^45 

Meier's   Her    ,rium   and   Plant   ]     scription. 

With  di       ions  for  collecti       pressing,  ' 

and  mounting  specimens     .     ,     .     .     *  .60         ,yo 

Morley's  Few  Familiar  Flowers            .     *     ,  .60         .70 

Morley's  Flowers  and  Their  Friends   .     .     .  .50         .60 

Morley's  Little  Wanderers .30         .35 

Morley's  Seed-Babies 25         .30 

Newell's  Outlines  of  Lessons  in  Botany.  For 
the  use  of  teachers  or  mothers  studying 
with  their  children 

Part  L    From  Seed  to  Leaf .50         .55 

Part  IL    Flower  and  Fruit .80         .90 

Newell's  Reader  in  Botany.  Selected  and 
adapted  from  well-known  authors 

Part  L    From  Seed  to  Leaf .60         .70 

Part  IL    Flower  and  Fruit .60         .70 

Weed's  Seed-Travellers .25         .30 
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BLAISDELL'S   PHYSIOLOGIES 

By  ALBERT  F.   BLAISDELL,  M.D. 


CHILD'S  BOOK  OF  HEALTH.  (Revised  Edition.)  In  easy  lessons  for 
schools.  Cloth.  136  pages.  Illustrated.  List  price,  30  cents;  mailing 
price,  35  cents. 

HOW  TO  KEEP  WELL.  (Revised  Edition.)  A  text-book  of  health  for  use 
in  the  lower  grades  of  schools.  Cloth.  241  pages.  Illustrated.  List 
price,  45  cents ;  mailing  price,  55  cents. 

OUR  BODIES  AND  HOW  WE  LIVE.  (Revised  Edition.)  A  text-book  on 
physiology  and  hygiene  for  use  in  high  and  grammar  schools.  Cloth.  352 
pages.     Illustrated.     List  price,  65  cents ;  mailing  price,  75  cents. 

LIFE  AND  HEALTH.  A  text-book  on  physiology  and  hygiene  for  high 
schools,  academies,  and  normal  schools.  Cloth.  346  pages.  Illustrate 
List  price,  90  cents  ;  mailing  price,  ^l^i.oo. 

PRACTICAL  PHYSIOLOGY.  A  text-book  for  higher  schools.  Cloth.  448 
pages.     Illustrated.     List  price,  ^i.  10;  mailing  price,  51.20. 

HOW  TO  TEACH  PHYSIOLOGY.  A  handbook  for  teachers.  Paper.  52  page*. 
Illustrated.     Mailing  price,  10  cents. 


BLAISDELL'S  physiologies  have  maintained  a  remarkable 
popularity  in  the  educational  world.  That  they  are  to-day 
more  widely  used  than  ever  before  is  owing  in  large  part 
to  the  importance  given  by  the  author  to  the  subject  of  the  care 
and  preservation  of  the  health.  The  books  present  in  clear  and 
simple  language  the  latest  and  most  trustworthy  facts  on  physiolog}* 
and  hygiene.  Important  facts  are  illustrated  by  a  series  of  simple 
experiments  which  the  pupil  can  perform  with  little  or  no  outlay 
for  apparatus.  This  feature  is  peculiar  to  the  Blaisdell  books  and 
has  been  found  no  less  valuable  than  original. 

The  author,  recognizing  the  importance  of  physical  exercise  to 
young  people,  has  included  the  most  approved  of  modem  ideas 
on  the  subject  of  physical  culture. 

The  effects  of  alcoholic  drinks,  tobacco,  and  other  narcotics 
upon  the  bodily  life  are  set  clearly  and  forcibly  before  the  pupils* 
minds  as  the  different  topics  are  treated,  not  in  a  mass  at  the  end 
of  the  volume. 
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By  CHARLES  A,   VOUNG 

PmJessor  Ementtis  of  Astranomy  Jn  Princeton 


ton  Unireniiy  ^^H 


LESSONS  IN  ASTRONOMY.  (Revlsctl  Edition.)  Including  Star  Maps, 
4Jopa^ges,     Illustrdted.     List  pnce,  $1.23  ;  maiUng  prite,  ^140. 

E LE M  E  N  r S   OF   A S T R O N O  M Y.     W itli   a  U ranography .     4 fci+  +  4 1    pages 

and  four  dguble-p^gj  star  raapa.     List  price*  $i/io\  majfing  price,  J^i,??. 

UttAXQc^KAfiiv.     Frtim  liiff  '' Elements  of  As truDomy.''     FkxiUli:  covisr«^     41  pa^n 

and  four  douLle-pagc  ^tar  mapi,     LUt  price,  30  cuni&;  njAiLing  pHc^,  55  cents, 

MANUAL  OF  ASTRONOMY.  fjiipagt>s,  lllustratfsd.  IJst  price,  fc.aj ; 
tiiAiUng  priest  $2,45. 

GENERAL  ASTRONOMY.  A  tejst^book  for  colleges  and  scientific  fichixils. 
6 JO  pigt-a.  illufttrated  with  250  cuts  and  dtagmms  and  supple numtud  vtilU 
tht*  necessary  tables.     List  price^  $^-7$i  maiLtng  pnce^  Ij.oc^. 

A  SERIES  of  text -books  on  astronomy  for  higher  schools, 
academies^  and  collegesj  prepared  by  one  of  the  most  dis- 
tinguished astronomers  of  the  world,  a  popular  lecturer  and 
a  succeisful  teacher. 

The  "Lessons  in  Astronomy"  was  prepared  for  schools  that 
desire  a  brief  course  free  from  mal hematics.  The  book  is  fully 
down  to  date,  and  several  beautiful  plates  of  astronomical  objects 
and  instruments  have  been  inserted  in  the  revised  edition. 

The  **  Elements  of  Astronomy "  is  a  text-book  for  advanced 
high  schools,  seminaries,  and  brief  courses  in  colleges  generally. 
Special  attention  has  been  paid  to  making  all  statements  accurate. 

The  "  Manual  of  Astronomy  "  is  a  new  work  prepared  in  response 
to  a  pressing  demand  for  a  class-room  text-book  intermediate  be- 
tween the  author's  ♦♦  General  Astronomy  "  and  his  "  Elements  of 
Astronomy."  It  is  largely  made  up  of  material  drawn  from  the 
earlier  books,  but  rearranged,  rewritten  when  necessary,  and  added 
to  in  order  to  suit  it  to  its  purpose  and  to  bring  it  thoroughly 
down  to  date. 

The  eminence  of  Professor  Young  as  an  original  investigator  in 
astronomy,  a  lecturer  and  writer  on  the  subject,  and  an  instructor 
in  college  classes,  led  the  publishers  to  present  the  "  General 
Astronomy  "  with  the  highest  confidence  ;  and  this  confidence  has 
been  fully  justified  by  the  event.  It  is  conceded  to  be  the  best 
astronomical  text-book  of  its  grade. 
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BERGEN'S  FOUNDATIONS  OF  BOTANY 

By  JOSEPH  Y.  BERGEN, 

Instructor  in  Biology  in  the  English  High  School^  Dostony  and 
Author  of  ^''Elements  of  Botany. ^^ 

412  +  2^  pages,    niastrated.    For  introductioii,  $1.50. 


A  HANDBOOK  FOR  THE  USE  OF  TEACHERS 

To  Accompany  Bergen's  Foundations  of  Botany. 

Flexible  cloth.    64  pages.   For  introduction,  30  cents. 

One  of  the  notable  text-books  of  the  year  is  "  Foundations 
of  Botany  "  by  Mr.  Bergen,  whose  "  Elements  of  Botany  " 
has  come  to  be  the  most  widely  used  recent  text-book  on 
the  subject  in  the  higher  schools  and  academies  of  the 
country. 

The  "  Foundations  of  Botany "  is  sufficient  to  prepare 
for  any  college  or  university  which  accepts  botany  as  an 
entrance  requirement.  It  offers  an  extended  and  compre- 
hensive course  for  schools  that  wish  to  devote  an  entire 
year  to  the  subject,  and  provides  the  teacher  who  has  only 
a  minimum  amount  of  time,  with  the  distinct  advantage  of 
a  considerable  option  as  regards  the  kind  and  amount  of 
work  which  he  shall  present  to  his  classes.  It  represents 
the  latest  and  most  advanced  methods  of  botany  teaching, 
combining  a  standard  text  liberally  illustrated  with  a  com- 
plete course  in  laboratory  work  and  a  key  for  the  study  of 
systematic  botany. 

The  treatment  of  structural  and  physiological  botany  is 
unusually  full  and  has  special  reference  to  the  most  recent 
botanical  knowledge. 

The  flora  includes  seven  hundred  species,  and  is  the  only 
recent,  short,  and  thoroughly  simple  and  intelligible  flora 
of  the  central  and  northeastern  states.  The  descriptions 
are  written  in  the  very  simplest  language  consistent  with 
scientific  accuracy. 
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BERGEN'S 
ELEMENTS    OF    BOTA 

REVISED  EDITION 

By  JOSEPH   V.   BERGEN, 
Rrcemcly  Inatnictor  in  Biology  in  the  ErtgLuh  High  School,  Bfietmi 

Includtng  Key  ami  FUira  for  Nortlicm  snH  Central  Siatci,  utim.  Cloth.  iRj  +  357 
pages^  Illustrated.  Liat  price,  f  1.3a;  loailiDg  prku,  $i.i$.  Wiiliout  Key  and  Flora ^ 
List  price.  Ii,™  j  mniling  pnce,  $i^^^^ 

IsKued  also  in  three  special  cditioni  with  a  Key  and  Flora  for  each ;  Fjici&c  Cout 
Edition,  Sfjuthem  State*  Edition*  and  Rocky  Mouotpun  EdiiionH  Liit  prke,  $i.ya  ^dh; 
mailing  pnce,  #1.45 ■ 

BERGEN*^'  '*  Elements  of  Botat»y,*'  Revised  Edition,  is  designed  to 
fumish  a  half -year  course  in  the  subject  for  studenLs  in  secondary 
scboob.  It  covers  all  the  gruund  which  ordinary  classes  can 
traverse  in  the  time  indicated*  ar>d  presents  only  those  topics  which  are 
e^isentlal  to  an  elementary  course  in  the  science. 

It  differs  from  the  earlier  editions  of  the  *'  Elements  '*  mainly  in  the 
greater  stress  laid  on  the  topics  of  ecology  and  cryplogamk  botany,  in 
the  somewhat  abbreviated  directions  for  histological  work  on  seed  plants, 
and  in  the  greatly  improved  quality  of  the  illtist  rat  ions.  Minor  changet 
will  be  found  on  almost  every  page, 

THE   BOOK  IS  CHARACTERIZED 

By  the  natural  method  of  presentation,  introducing  the  puial  iint»  M  Picitttar  Hvilqr 
recommended,  to  the  comparatively  familiar  forms  and  processes  of  plant  life» 

By  the  sparing  use  of  technical  terms,  employing  these  only  when  they  are  indbpensable 
for  the  sake  of  clearness  or  of  brevity. 

By  the  treatment  of  the  structures  and  the  functions  of  plants  consecutively,  not  in 
widely  separated  portions  of  the  book. 

By  the  intimate  combination  of  laboratory  work  with  discussion,  taking  pains,  however, 
not  to  tell  the  pupil,  either  in  words  or  by  means  of  illustrations,  what  he  is  to  see 
before  he  sees  it  tor  himself. 

By  the  accuracy  of  the  illustrations  in  detail,  the  half  tones  being  used  onfy  to  givt  gen- 
eral effects,  never  for  minute  organs  or  structures. 

By  the  fact  that  four  special  keys  and  floras  have  been  prepared  to  accompany  the  text. 
This  allows  the  student  in  any  part  of  the  country  to  obtain  practice  in  the  determi- 
nation of  species  of  phanerogams,  and  to  get  a  practical  idea  ot  their  reladonships  and 
classification  by  means  of  a  simply  written  and  inexpensive  flora  of  his  own  rq^ion. 

BOTANY  NOTEBOOK 

To  accompany  Bergen's  Text-Books  on  Botany,  and  for  general  use  in  Botanical 
Laboratories  or  for  Secondary  Schools,  Square  4to.  Cloth.  144  pages.  List  price, 
45  cents ;  mailing  price,  60  cents. 

BERGEN'S  Notebook  was  prepared  with  the  particular  view  of 
minimizing  the  amoui.t  of  routine  dictation  for  both  teacher  and 
pupil  without  doing  any  of  the  latter's  thinking  for  him.  Not 
only  will  it  save  time  and  trouble  but  it  will  also  lead  the  pupil  to  per- 
form neat  and  accurate  work. 
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TEXT-BOOKS   ON    CHEMISTRY 

By  R.  P.  WILLIAMS 
Instructor  m  Chemistry  in  the  English  High  School,  Boston 

LUt    MailiHi 

price      price 

ELEMENTS  OF  CHEMISTRY.   Cloth.  412 pages.  Illustrated  >i.io  >i.2o 
INTRODUCTION  TO  CHEMICAL  SCIENCE.    Cloth.    216 

pages.    Illustrated 80  .90 

CHEMICAL  EXERCISES.     Paper.     102  sheets 30  .35 

CHEMICAL  EXPERIMENTS.     General  and  Analytical. 

Boards.    212  pages.    Illustrated 50  .60 

LABORATORY  MANUAL  OF  INORGANIC  CHEMISTRY. 
One  hundred  topics  in  general,  qualitative,  and  quantitative 
chemistry.     Boards.     200  pages.     Illustrated 30  .35 

LABORATORY  MANUAL  OF  GENERAL  CHEMISTRY. 

Boards.     200  pages 25  .30 


THE  "Elements  of  Chemistry"  is  very  fully  and  carefully 
illustrated  with  entirely  new  designs  embodying  many 
original  ideas,  and  there  is  a  wealth  of  practical  experi- 
ments. Exercises  and  problems  follow  the  discussion  of  laws  and 
principles. 

The  subject-matter  is  so  divided  that  the  book  can  be  used  by 
advanced  schools,  or  by  elementary  ones  in  which  the  time  allotted 
to  chemistry  is  short. 

"  Chemical  Exercises "  correctly  adapts  to  the  teaching  of 
chemical  theory  the  method  in  language  and  mathematics  now 
in  vogue  in  our  best  schools. 

"  Chemical  Experiments "  is  for  the  use  of  students  in  the 
chemical  laboratory.  It  contains  more  than  one  hundred  sets  of 
the  choicest  illustrative  experiments,  about  half  of  which  belong 
to  general  chemistry,  the  rest  to  metal  and  acid  analysis. 

The  "  Laboratory  Manual  of  Inorganic  Chemistry"  contains  one 
hundred  sets  of  experiments,  including  brief  treatment  of  qualita- 
tive analysis  of  both  mctab  and  nonmetals,  and  a  few  quantitative 
experiments. 
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